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ABSTRACT 


The partition function corresponding to an 
equation of state for a high-temperature, high- 
density gas suggested by J. S. Rowlinson has 
been derived. The equations for selected ther- 
modynamic properties of the gas are obtained 
from this partition function using statistical 
thermodynamics. These equations are used to 
calculate results for the case of hydrogen in the 
range of temperature between 500°K and 3000°K 
and inthe range of density between 1 and 2000 
amagats. 


PROBLEM STATUS 


This is an interim report; work on the 
problem is continuing. 


AUTHORIZATION 


NRL Problem F04~-04E 
Project RR 002-02-41-4951 


Manuscript submitted November 22, 1967. 


ii 


asta) ae ciate neinbiitintinn ia ieee na.” candies” Craik cr el Seat SP Dagebaceriamamas Fe om a tecrtisietngsn. ormaniss pn B En I a aE 


THEORETICAL THERMODYNAMIC PROPERTIES OF GASES AT 
HIGH TEMPERATURES AND DENSITIES WITH NUMERICAL 
RESULTS FOR HYDROGEN 


J. R. Baker, W. H. Geatches,* and H, F. Swift? 


INTRODUCTION 


An equation of state for high-temperature, high-density gases has been suggested by 
Rowlinson (1), The partition function corresponding to this equation has been derived, 
from which has been calculated the hydrogen-gas properties reported here. The signifi~ 
cance Of this equation of state is that it accounts for the temperature and density depend- 
ence of (a) the two-body, intermolecular forces and (b) the volume occupied by the 
molecules. 


An equation of state which includes these effects can be derived in principle from 
either of two thermodynamic relationships, One, which will be referred to as the pres- 
sure equation, comes from the fact that the internal energy of a gas is composed of two 
parts, The first part is associated with the kinetic energy which is independent of inter- 
molecular forces and corresponds to the ideal gas term. The second part is associated 
with the intermolecular forces and depends on the radial distribution funcijon of the gas 
molecules ,ir) and the molecular potential u(r) or intermolecular forces -dv(r) dr, 
This pressure equation is (2) 
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A ° dz(r) 

t - =28 —— 4773 j 

Prt - RT =| gir) —— bdr (4) 
“0 


where \, is Avogadro's number. 


The second relationship from which one can obtain an equation of state for a real 
gas was developed by Ornstein and Zernike (3) and will be referred to as the compressi- 
bility equation: 


ae a Naf: 
- i (=) | ‘glad Litertdr . (2) 


Both equations make the assumptions that (a) all intermolecular forces are two-body 
fnrces only, (b) the intermolecular potential is spherically symmetric and, therefore, only 
a function of radial distance, and (c) classical mechanics applies. The radial distribution 
function, if correct, should yield the same result from both Eqs. (1) and (2). This agree- 
ment has not been possible to achieve, because an exact solution requires the consider - 
ation of three-body interactions. Percus and Yevick (4) have suggested an approximation 
in which three-body interactions are taken in pairs. Using the Percus-Yevick equation, 
Thiele (5) has obtained, from Eqs. (1) and (2), respectively, the following two equations of 
state for a gas of hard spheres, i.e., molecules with a square-well potential: 


*uU.S. Naval Academy, Annapolis, Md, 
tWark done while at NRI.; now at the University of Dayton, Dayton. Ohio 


{The lowcr case symbols +, s, 4, ¢., Cy) and » are quantities per unit mole. 
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Po «$426,438 (3) 
AF (i- &,)? 

and 
Py _ 145+ G8? (4) 
a (1 ~~ 3” 


where ¢,,=4,/4v, in which 4, = (2/3)7N, 72, is related to the volume occupied by the mol- 
ecules, with r+, being the molecular radius. Thiele observes that Eq. (4) gives a some- 
what better resuli than Eq. (3). The “exact,” machine-calculated results lie between the 
two. Both equations fail near the density of close packing, since no phanre transition is 
predicted. 


Rowlinson has extended Thiele’s work to the case of a compressible molecule by 
replacing the square-well potential with the Lennard-Jones { 2/2.) potential: 


wove dlp ats) ‘ 


where -- is the minimum value of at =r... Rowlinson chooses to solve Eq. (2), since 
according to Thiele it leads to better results than Eq. (1), by equating the integrals with 
the square-well potential to those with the Lennard-Jones potential on the assumption 
that the temperature is sufficiently high, i.e., T> 12¢.%. The equations will then define 
o,, the equivalent nondimensionalized, hard-sphere radius, and will have the form 


a. oo 
[ (-D) pt hdp | [aware 4] pr do. (6) 
9 


0 


Where ¢-+/r,. and « is arn exponent in the range 0 < « < 1/2. Rowiinson has shown that if 
a suitable expansion of the right side of Eq. (6) is made with the variable z= «/kT and if 
terms greater than the order 1‘n are neglected, then 7, is independent of « and is given 


by 


coheateho tan], (7) 
Tin n 
where 
Se hee yr im temas (8) 
Mabe y,-2vm |. pep” oe (2m) | 
bag m= 


in which ;, is Euler’s constant, The fixed radius of a rigid sphere can now be replaced 
by the variable radius , -,,>, so that 4 co. be substituted for 4, and < for ¢,; therefore, 


b 1 , 1/2 
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Since (2 31 “4,7, - 6,, and using Eq. (7) to eliminate -, then 
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The equation of state is given either by Eq. (3) or (4) witn ¢,, replaced by ¢. | 

Choosing » as 12 gives the usual Lennard-Jones [6, 12} potential and Ee 

Sere eee 10 = 

Serre wie nee ha ee (10) 


By specifying the equation of state of a gas, the various thermodynamic properties 
are specified. Commonly used thermodynamic relationships involve the derivatives of 
these properties with respect to the state variables (p.v.7), however, and must therefore 
be integrated, For an equation of state such as Eq. (3) or (4), these integrals would be 
difficult or even impossible to solve analytically. 


A more satisfactory approach was found through the use of statistical thermodynam- 
ics which related all properties, including the equation of state, to derivatives of a total 
partition function g. The relationship for the equation of state is 


Px 3 
eee pets 11 
kr (2 in ®) rv, a 


By substituting either Eq. (3) or (4) for Pr. RT, Eq. (11) can be integrated to yield an 
analytic expression for those terms of the partition function which depend on». From 
this result, the contribution of the intermolecular forces to the thermodynamic proper - : 
ties of interest can be determined (see Appendix A). ‘ 


THE PARTITION FUNCTION 


The total partition function is composed of factors, each of which is associated with 
a particular type of energy of the gas molecule. To construct the total partition function, 
the appropriate component partition functions corresponding to independent energy modes 
are simply multiplied together. In this way the equations are easily altered for different 
types of molecules (e.g., monatomic and diatomic) or to account for phenomena at different 
energies of interest (e.g., rotation-vibration or electronic excitations), For a diatomic 
gas between 500°K and 3000°K and between 1 amagat and 2000 amagats, the total partition 
function is composed of the following energy-related factors (dissociation and ionization 
are considered to be negligible in this range): 


translational: 


Q + (arma (12) 
potential: 
Ga es eee (13) 
rotational - vibrational: 
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where ¢, is the usual partition-function term for an ideal gas; @, is the factor due to the 
intermolecular forces as obtained by integrating Eq. (11), with Fa. (4) a8 the equation of 
state, Le., for Porb=(1+é+é7)/41- 633 0, is the standard quantum mechanical term 
for rotation-vibration effects including that of para~hydrogen and ortho-hydrogen; <,,, 15 
the envrgy level of the molecule and includes both anharmonicity in the vibration and 
rotation-vibration interaction; «,,,.'% is given by 


(> + \fr-( + 4) [+ (s é i) |} es -(» + Lig thay 


rate 


H F 


ep eaves Cp eV OP-cj + Va). 


where 6, ,a/, 8., D., and #; are the usual constants characteristic of the gas multiplied 
by 4c/k; and ,,,is the quantum number of the maximum vibrational erergy level due to 
dissociation. The total partition function for x, in distinguishable particles is Q,., - Q*,. Np! 
where @ * Qs Qre- 


THERMODYNAMIC FUNCTIONS 


Having specified the total partition function, it is now possible to obtain any thermo- 
dynamic function using fundamental statistical thermodynamic relationships. Those 
functions of particular interest are the compressibility, the specific internal energy, the 
specific enthalpy, the specific entropy, the specific heat capacities at constant volume 
and pressure, and the sound speed. They are given, respectively, by the following 
equations: 


Rae(fm v) = Z, (15) 
aT or T 
al 3 
e 
Be Be ne wie (17) 
aT RT RT RT 
£2 tind + i. (18) 
® 
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of = T(E) oa ory P(e). (24) 


HYDROGEN PROPERTIES 


The following properties of hydrogen gas, using Eq. (4) for the equation of state as 
suggested by Rowlinson, have been evaluated as a function of density (1 < o < 2000 ama- 
gats} and temperature (500°K = 7 = 3000°K): pressure *, compressibility Z, specific 
heat capacities at constant volume c, and constant pressure ¢,, sound speed o, specific 
internal energy «, Specific enthalpy 4, and specific entropy s. The latter three quantities 
are presented as relative to their values at o= 1 amagat and T = 273.16°K, which are 
denoted as u,, 4,, and s,, respectively. 


The upper limit on density has been selected so as not to approach too closely the 
close-packing denrity given by ¢).. = ey 6 - 0.74 (Ref. 5). For 500°K <7 = 3000°K, 
this would mean that 3300 <= ¢,,, = 4300 amagats, The upper limit on temperature has 
been selected so as to avoid any significant molecular dissociation, and the lower limit 
on temperature is set by the approximation in the theory that 7 > n¢‘* ~450°K. Table 1 
is a listing of the constants uSed in the calculations and their sources, The properties of 
hydrogen are presented in Tables 2 and 3. The temperature and density intervals in 
these two tables have been chosen so that the error using linear interpolation will be 
less than 0.1% in almost all cases, with the exception of relative entropy in the vicinity 
of zero, 


A comparison of these results (6) with other published equation of state data for hy- 
drogen (7), (8), (9) shows close agreement. Divergences appear only at the higher end of 
the density range. For the purpose of this comparison, a value of S§,/R = 16.866 from 
Ref. 7 was used with Ref. 9 and a value of S§, /R = 15.402 was used with Ref. 8. 


Table 4 gives a breakdown of the contribution to uv, 4,2, ¢,, and c, from each of the 
three factors in the partition function. In particular the contribution from the intermo- 
lecular potential shows the extent of the deviation from an ideal gaz. 


Selected graphs of the data from Tables 2 and 3 are presented in Figs. 1 through 7 
and in Appendix B. The constant entropy data was calculated using Eq. (18) from which 
the entropy 3, for any gas state may be calculated. Any other state +, with the same 
entropy may be obtained by specifying, one of the state variables and iterating Eq. (18) 
for the other state variable until s, =: s,. 
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Table 1 
Hydrogen Constants 


0.8317 10"? joules /°K/kg-mole 
or 1,9869 cal/°K/g-mole 


2.016 kg/kg-mole 
6.0248 x 107* /mole 
2.928 10°" cm 
3.287x 10-8 cm 
44.795 cm? 

37°K 

0.577215665 
6315.5°K 
3.0664/cm 
60.848/cm 
0.04644 /em 
0.0000497/cm 
4.411°K 

87.54°K 

0.06681 °K 
0.0000715°K 

14 

0.02603 
0.0000667 


1.4388 cm-°K 
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Table 2 
Selected Properties of Hydrogen 
Te MPeRaryte BEnSity ¢amaGaTs 
FOREGRES <) 
ae iu. 26. 4a. 4a. oe. 406. 450. 205. 253 


Soa. | Acate) 4.8570 26.43% $7,204 $e. 396 75.873 95/09 208.40 dia 86 439.40 S7e.84 
z 1. one9 2 endl Luke 2.9275 1.0369 4.0864 1.0955 1.10re 2.2079 1.2607 
ges 25206 2.3242 2.8254 2.5200 2.5268 2.5287 2.5384 2.5487 2.3598 2.5742 
Lara 4.9165 3.3200 345208 3.5242 3.3220 3.8228 3.5279 3. Sues 3.5437 3.55483 
C8/2y¥ 2. 58B8 1.5861 2.5953 1. 304s 2.5939 1,3931 4. 3aes8 1.35809 2,3845 1.3824 
BCRTES 4.6967 422421 Re?272 1.7422 1.757% v.78 1.8578 L941 2.9299 2.1997 


ec, wiafey 2.2972 22.148 44,092 47,608 35.907 316.77 200.44 377.92 326.43 59,48 
z 4. 2ug9 L.uded 21,0388 3.0271 4.0388 4.0456 1.0939 1.1459 4, i98O 1.2543 
uw 2.5277 2.3285 2.9318 2.3528 2.3347 2.5345 2.3486 2.5566 2.5665 2.5777 
cea 3.9274 3.9276 3.8378 3.9244 3.523 3.5287 3.5346 3.9363 3. S428 3.5595 
S2st¢ 2 aA b.dva? 2. 2Usa 1.392% 1.3926 2.3412 1-387 1.3835 1.5893 4.3774 
AERIS? 4.8080 teres 4, 8¥04 1.0966 1.9229 2.9594 2,0238 2.2118 2.2635 2.2061 


706, PLATO) 2.5833 27,856 >2.426 78,808 106,16 133.88 279.76 438.01 $12.37 a01.3¢ 
2 1.0009 1.u08e 41,0177 1.9266 1.0357 2.0484 4.0024 1.1425 1.49355 2.2917 
Ces 2.34.4 2.3426 2.5408 2.5464 2.8482 2.5980 2,5592 2.9089 2.5792 2.5899 
casa 3.5412 $5040 3.5408 3.2408 3.5488 3. $408 3.5422 3.5452 3.3496 3.5557 
C¥sty 1 Sade 2.3925 12,3015 1.3995 1.3095 1.3886 2.9841 1. 3ete 41,3703 1.3729 
acKag) 2.0078 2.9226 2.0598 2.0387 2.0786 2.0014 2,28¢5 2.2733 2.3700 Z.4707 


too. Pcatars 27.9205 29,523 29.597 90.411 423.49 132-01 319,28 900,55 60?.87 912.60 


z L.VUEe 1.udse 2.0374 2.9262 4.03652 1,0442 1.0988 S.1402 1.i22 4.2472 
Cvsa 2.9054 7049 2.56646 2.5683 2.5766 2.5718 2.5908 2.3903 22,6902 2.6307 
cars 4.503% 3.9028 3.2004 3.5424 3.35019 3.9618 3.9619 35,5638 3, 5867 3.97133 


Cavlty 1.5900 1.3891 1,3860 2.3879 2.3866 31,3049 1.3802 1.3758 1.5747 2.3079 
ack?S) 7,1454 2.4595 22775 2.1950 2.2432 2.2313 2.3746 2.4217 2.3227 2.e278 


Sno Transp anne oa UNREEND 


900. PLAT? S.2756 3$.209 o6, 084 101.34 136.2? 472.80 359.72 $82.00 783.00 2623.2 
z 1.9098 d.00es 2.0271 1.0258 2.9346 1.0435 1-984 1.1378 £.1890 3.242 
cvs 25943 a9998 2.59764 2.5902 2.6008 2.6025 2.8143 2.0206 2, 6303 7.6486 
cra 3.5601 4.2955 3.5936 3, S926 3.5022 3.5048 3, 3930 3.5917 3.3038 3.9973 
Carty = 14.3854 1.3844 2,3833 1,322 1.3812 4.3804 1.3796 1,3663 1.8625 
BLMPSS 2.2008 2.2601 @.3044 2.3253 2.3420 2.3019 2.5588 2.0637 Z.0727 


2008. Oates 3. hey7 30,894 #4,409 3112.59 231,74 190.78 623.27 aa7.80 3433.3 
z 2.9008 4.0084 1.0166 1.0255 21.9363 4.0425 2.1357 4.1859 1.2390 
Leet 2.4332 2.8547 2.0363 2.6379 2.03¢6 2.6413 2.6590 2.6685 2.6785 
C772 3.6530 3.0325 3.6339 3.6311 3.6303 3.6501 3.6284 3,829? 3.6322 
C#sty 1.5797 21.5767 1.3776 2.3765 3.5756 1.3744 1.3646 1,562 21,5961 
acm'sr 2.5874 2.8065 2,425 2.4458 2.4024 2.4826 2.3023 72,6865 2,7946 2.0674 


1200, #¢ATM) 4.39940 44.2603 09.251 134.0? 134.45 228.08 470.62 745.57 2036.6 1357.0 
z 2.0008 3.u682 1.01046 1.0248 2.0332 1.0427 2.0856 21,4318 L.tae3 1.2528 
cvs’ 2.7877 2.7293 2.7307 2.7323 2,7339 2.7355 2.743% 2.7528 2.701? 2.7733 
cara 3.7274 3.7204 3.7258 3.7290 3.7243 3,7256 3.7216 3.7497 3.7198 5.7208 
C7s5¥ 1. 3089 1.5938 4, 3e4a 3.3633 41,3623 2.3032 2.3864 3.35913 1.3469 2.3426 
BtKPS) 2.6027 2.0208 2.04tt 2.6626 2.6022 2.7029 2.8006 2.9993 3.8333 3.23918 


$400. PtaATm) 8.1262 33,030 104,08 457.368 266.53 554,95 868.96 1204.4 1569,35 


~ ORT RTOROIRER GE negra SENET pee ee 


z 1.0008 2.0000 2.0166 21,0242 1.0407 1.0834 1.2784 1,175? 1.2255 

i Cwse 2-0330 2.0355 2.835 2.6364 7.8396 2.0477 2.0561 2.8609 2.6742 

i care 3.8317 3.usoa 3.8289 3.8272 3.8230 3.8217 3.6208 3.8ak0 

H cesty 4.3530 1.3520 2.3498 2.3476 1.3428 1.5582 1£,3336 1.5294 

i ACHPSD 2.7972 2.010) 2.8598 2.9025 3.02353 3.1284 3.2477 3.3735 
f 

3600, Piate? 58,945 318.91 179.77 304.33 633.13 e818 2373,5 2798.3 

z b.u0?% 2.0157 2.9238 1.0398 4.0415 12,1234 1L.i74- 2.2209 

Cvsr 2, 93a6 2.9384 2.9398 2.9427 2.0806 2.9568 2.8674 2.9763 

casa 5.9340 45,0326 3.9328 3.93e¢ 3,9261 4.9234 3.9218 3.9222 


2.3385 1.3366 2.3260 1.3270 2.9173 


cesSy 864.3496 1.5390 1.3386 1.3376 
3.0638 35,2822 3.3207 3.4445 3.5728 


AIKFS) 2.9766 2.9968 +,0185 3.0408 


1803, Pratn) 6.9996 60,599 133,73 207.14 342041 1309.0 1836.0 2009.3 

i 2 1.0099 3.u076 1.0156 2.0231 4.0380 1.1227 3.1677 1.2140 
b tera 3.6320 3.0333 3,0344 5, 03e3 3.0393 3.0568 3.633 3.0720 
i Ces? 4.0347 4.0307 4.9209 4.9286 4.0704 4.0159 4.0367 4.5156 
: 5 cercy = 1.3287 1.3268 2,5278 3.3288 1.3248 2.3200 1.5155 t.31a3 1.3072 
ace7g) 3.1443 3.16647 4.2078 3.2297 3.233% 3.2573 3.3766 3.5003 3,e27¢ 3.7603 

2006, Ate) 7.5228 I$. 722 148.55 224,61 301.80 379.85 788.00 1229.6 1703.0 2214.4 

z 1.0907 1.0075 1,0353 1.0227 1.0304 21-0382 1.0783 1.1702 2.1043 3.2205 

Cve2 3.1200 3.3213 3.1227 3.124: 3.1256 3.1272 3.1546 3.1424 3.1505 3.1590 

casa 4.4307 4.1196 a.aive 4.1263 41182 4.24402 4.1095 4,109 4.1033 4,207 

corly =. 3204 1.9105 1,3189 1.3176 2.3166 1.3156 1.3110 1.3966 1.3028 1,2904 


acm?g) 3.3627 3.5258 S.3476 3.3712 3.3952 3.4192 3.9421 3.6993 3.0007 33,9308 


S00.  PraTms 9.3532 92,145 195,58 260.38 335.54 474,09 983.26 1528.0 2116.6 2746.3 
z 2.0007 1,0072 1.0218 1.6292 1.0366 1.0750 2.4353 1,1970 1.2019 
Cys2 3.7029 3,350.52 3, 3059 $.3973 3.3087 3.318@ 3.3233 3.3310 3.3300 
cra a@.3aa? 4.3003 4, 2980 4.2906 4.27938 4.2904 4.2629 4.2805 
testy 4.3028 34,5039 2.3010 21,3003 Wreart 1.2963 1.2038 2.2997 50 2.2820 


! ACKPS) 35.6076 3, e901 3.7862 3.7818 3.9226 4.1972 4.3413 
3008. Pratm) 20,994 130.92 451.40 Soa.20 2527.1 3274.5 

: Tt 1.060? 4.0009 21,0282 21-0354 2.62592 1.1933 
i Cvs2 3.40436 3.4421 3.4461 3.4475 3.4009 3.4766 
i cesa 4.4407 4.4305 4,435¢ 4a.4dta 4.6205 4.ate 
CByiy L.ewos 1.2897 4,2071 1.2865 2.2743 1.2707 

AcK®S)) 3.9987 4, u22e 4.1024 4.1280 4,9551 4.700) 


(Table continues) 


4 
i 
uy 


TEMPERATURE 
{DEGREE X) 


568. 


oon, 


Fea, 


906 


100s, 


1200. 


1400. 


1600. 


1899, 


2000, 


2500. 


3050, 


weate 
z 

cura 
cese 
corty 
aCKPS) 


PCat a 
t 
Curt 
crse 
thrty 
ACES 


PUATAD 
i 

C¥sR 
cork 
Cesey 
aces) 


PATHS 
z 

twee 
cask 
cesty 
ageegs 


STATA) 


z 
Cys 
oest 
ceycy 
byes) 


Or ater 
i 

Gys2 
cask 
CAsty 
ACKAG) 


PATS? 


z 
Cwsk 
casa 
casty 
kCKIS) 


SCAT) 
z 
Cusd 
cast 
Casey 
AcMrgy 


Peatey 
2 

Cust 
case 
cesly 
aceesy 


ecata> 


z 
Cvs? 
casa 
CH ely 
acKPS) 


Pratm 
z 

Cvs? 
casa 
Cesty 
ACRES) 


Pcate 
rf 

Cvsa 
Css? 
Cesty 
ages) 


Bratay 


z 

Cys3 
Casa 
Casey 
acs) 


306, 


429.84 
43,3228 
2.58346 
3.56646 
1.3866 
2.2033 


667.29 
2.318% 
2. SBG4 
3.5064 
1.3746 
2.35999 


1207,3 
1.3210 
2.6043 
3.9632 
2. 3698 
2.5787 


1146.2 
1.3084 
2.6218 
3.5773 
2.3645 
2.7373 


1284,2 
1,39900 
2.6923 
3.6621 
1.3588 
2.8862 


421,4 
+2950 
6890 
0562 
5962 
324 


et Ce ot 


10937 
1.2839 
i. fers 
b.3832 
1.38e0 


3.2785 


1964.7 
1.27279 
2.80386 
3.8223 
1.3254 
5.4908 


2231.8 
3.2709 
2.9854 
3.9227 
4.5135 
3.7057 


2590.4 
1.2046 
3.9020 
4.0255 
2.30335 
3.8975 


276s.7 
1.2200 
3.26078 
a.1u4t 
1.2446 
*.077S 


3422.9 
Li24e7s 
S.g8?s 
4.2790 
1.4783 


556, 


as. 98 
1. 3864 
2.5965 
3.5807 
corre 3} 
2,3012 


2at.2 
43,3812 
2.6019 
3.9722 
1.3720 
2.5939 


3231,8 
1.873% 
@-8is3 
3.9723 
12,3689 
2.6852 


1496,3 
1.3649 
2.63354 
3.9847 
1,3613 
2.0543 


107.7 
1.3603 
2.0826 
3.6062 
1,361 
3.6043 


1734,0 
1,3561 
2.7900 
3.6412 
1.3486 
3.1466 


2063.6 
1,5429 
2.7918 
3.7207 
1,3349 
3.4029 


zsa9,9 
2-3532 
2.0959 
3.8248 
1.3216 
3.83350 


2/13,6 
21,3245 
2. "995 
3.9252 
i. d0N8 
3.8435 


$055.2 
1.5288 
s,ueae 
@.uros 
1 eFvs 
@,usve 


3524.6 
4 S098 
S.177a 
4.1014 
1.2910 
Bade 


4140,8 
1.2995 
3.4500 
4.270? 
1.2748 
4.0440 


4930.6 
1.2855 


486, 


1067.¢ 
4.0562 
2.6108 
3,5%66 
31,3788 
2.4038 


4272.7 
3.4496 
2.6155 
3.9844 
1.3708 
a.eaa7 


3425,8 
1.4406 
2.6268 
5.9828 
1,5643 
2.7983 


1676.7 
12,4324 
2.0458 
53,5938 
2.3383 
2.9704 


1875.9 
2.42a¢ 
2.6748 
3.6158 
L.35i9 
3.1272 


2073.4 
3.4206 
@,7415 
3.0478 
41,3402 
S.2%ze 


24a4.9 
1.4934 
2.8028 
3.7323 
4.3314 
$,5355R 


2850.5 
1.3933 
fe 0046 
3.8288 
1.3284 
9.7732 


$233.3 
1.3008 
+.0098 
3.9957 
32,3002 
3.9883 


$633.4 
1 3716 
3.1002 
“,0188 
2,296" 
*,1862 


S99O.3 
21,3635 
S,ihes 
4.1625 
1.2878 
4.3749 


a925.9 
1, 345A 
3.3049 
4.2768 
Li2?i4 
+.Bods 


2846.7 
205337 
2.5u12 
4.4134 
1.2608 
2.1688 
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430, 


4262.3 
1.9322 
2.8246 
S.e14¢ 
2.3702 
2.3104 


1593.3 
1.5218 
2.8290 
3.9985 
1, 3688 
=. 7252 


1741.,7 
1.5122 
2.0396 
3, 5048 
2.3626 
2,9183 


1977.1 
21,5031 
2.6586 
3.6037 
2.3955 
3.093% 


2210.1 
1.4916 
2.6870 
S.o244 
2.3409 
3.2551 


2443,0 
1.4826 
2.7256 
53,8550 
1.3420 
3,404) 


2897.5 
1.4066 
2.0143 
3.7374 
2.3279 
3.6739 


3348.5 
4.4526 
2.91S4 
3.8324 
1.3:46 
3.9246 


3793.0 
2.4402 
3.0169 
3.9295 
2.3027 
4.43505 


4235.7 
1.4293 
3.1105 
4.0707 
1.2926 
4.3585 


4674.0 
2.4195 
3.1908 
4.1065 
1,284) 
$,5301 


5757.5 
21.3088 
3.3742 
4.2701 
2.2882 
4, 0674 


6A26.8 
2, 3822 
4.5100 
a.apse 
1.25/76 
$.36u2 


DENS; TY camagat? 


oe. 


4473.5 
1.0109 
2.6490 
s.a3eo 
L.3%83 
2.4222 


1734.8 
1.5968 
7.6437 
3.6146 
1.5872 
2.8437 


2031.1 
2.9802 
2.6535 
3.6086 
1,35598 
3.0425 


2353.6 
4.5742 
2.6722 
3.6155 
1.3529 
3.2229 


2573.3 
1.5630 
2.7001 
3.6544 
23,3460 
3.3884 


2946.1 
3.5527 
2.7364 
3,0838 
1.3389 
3.54135 


3368.6 
1.5330 
2, 8203 
37430 
1.3246 
3.6173 


3885.6 
1.9172 
2.9209 
3.8370 
L.3s12 
4,9635 


4398.6 
1.5027 
3.0273 
3.9335 
1.2094 
4.206) 


4906.1 
1, 4899 
3.12k1 
4 5242 
1.2863 
4.4963 


$409.3 
1.4785 
3.2067 
4.1075 
1.2009 
4,693.7 


£051.35 
1.4944 
3.5838 
4.g807 
1.2650 
S.y376 


7879.3 
1.4350 
3.5191 
aaa 
1.2943 
S.5372 


eos. 


19457,8 
L-7837 
Z.6738 
3.6789 
2.3789 
2.8616 


2327.5 
1.3670 
2.8735 
3.8518 
3.3647 
3.0970 


2689,3 
3.75904 
2.6843 
3.6400 
1.3563 
3.3078 


3045,2 
1.7340 
2.703? 
3.6426 
2.3485 
3.4978 


3395.9 
4.7ike 
z.7285 
3.6585 
1.3408 
3.6749 


3742.2 
1.7067 
2.7038 
3.8849 
2.3533 
3.8325 


4423,9 
3.6794 
2.8522 
3.7608 
2.3185 
4.1216 


$093.5 
2.6574 
2.9935 
3.6947 
1.3086 
4.376? 


S754 
1.86581 
3,0997 
3.9649 
1.2432 
*,6175 


6407.2 
1.6210 
3.1438 
4.9338 
1.2631 
4.6296 


FOSe.t 
2-6058 
3.2206 
4.1184 
1.2747 
5.0326 


a@o37.3 
L.575¥ 
3.4042 


1.27488 
2.9088 


tos. 


2534.9 
1.9795 
2.721% 
3.734% 
1.3761 
3.12460 


yo07.8 
b.9574 
Z-7928 
3.6962 
2, 347¢ 
3.3747 


3469.3 
1.9352 
2.7387 
3.0779 
1.3520 
3.3933 


3924.4 
1.0139 
2.7349 
3.6786 
1.3442 
3.7976 


4365.6 
1.8940 
2.7604 
3,6874 
1.3308 
3, 9800 


4603.3 
1.8755 
2, 7942 
3.7169 
1.3280 
4.1484 


5862.0 
1.6423 
2.6807 
3, 7820 
21,3129 
4.4508 


$562.¢ 


1.7886 
3.0764 
3.9599 
1.2072 
4.9627 


8343.1 
1.7664 
3.1664 
4.0466 
1.2772 
4.1679 


aoar.c 
2.7467 
3.2576 
4.12768 
1.2688 
3.3907 


10920. 
- 7055 


Pr) 
- 
x 
o 
nn 


3222.7 
2.2971 
2.7851 
3.7034 
1.3769 
3.4922 


$018.8 
2.2734 
2.7527 
3.7478 
1.5645 
3.6772 


4393.9 
2.1045 
2.7872 
3.7223 
£.350¢ 
3.9126 


4657.2 
2.4072 
2.7742 
37146 
3.3006 
4.1231 


$309.2 
2.0914 
2.7952 
3.7218 
4.3335 
4.3453 


$054.5 
2.0675 
2.8279 
3.74617 
4.3231 
4.4035 


F112.3 
2.0749 
2.9922 
3.8974 
1.3974 
4.8073 


Br47.t 
1.9882 
3.0080 
3.8808 
2.2935 
3.0886 


Pior.t 
2.9867 
3.1044 
3.9783 
3.2815 
3.3399 


19158. 
1.9980 
3.1993 
4.0027 
1.2735 
2.3736 


11246, 
1.9938 
3.2782 
4.1407 


&.2475 


15868. 
3.8005 
3.58.1 
@.4537 
1.2375 
6.7293 


Fhe. 


4043.2 
2, 4557 
2, Ber 
3, 8648 
1,378) 
3, 7293 


4779.0 
2.4580 
2.7986 
3,83764 
31,9854 
4,90098 


5493.5 
2.3820 
2,8005 
37736 
2.3475 
4.2971 


$182.5 
2.3470 
2,8122 
3.7593 
2.3388 
4.4790 


6958.4 
2.3143 
2.0342 
3.7637 
21,3273 
44,6802 


7520.6 
2.2639 
2, 8053 
37776 
1.3186 
4.0645 


8811.5 
2.2306 
2,9467 
3.0373 
1,392? 
5.2038 


10966, 
2.3836 
3.0404 
3.9186 
41,2880 
$4ne3 


11207, 
2.1433 
3.1551 
4.6002 
1.2766 
5,247, 


12494, 
2,1080 
3.2205 
4.0819 
1,2659 
53,9892 


23676. 
72,0766 
3.3061 
#1578 
1.2578 
2192 


1oSe-. 
2.019 
3,a755 
4.3178 
1.2626 
6.7269 


18364, 
1.9602 
3.0049 
a 4072 
1.278 
7.1e23 


13 


if6a0. 


$e2¢.} 
2.7457 
2.8598 
3.9456 
1.5786 
4.8781 


SF24.5 
2.6088 
2.9508 
$85 
21,3595 
“e.d7a? 


$782.3 
2-924 
2-8492 
3.8322 
1.45450 
4.8352 


78$2,9 
2.0078 
2.0501 
3.6107 
1.3333 
4.8680 


6451.2 
2.5866 
2.8777 
3.8073 
3.3230 
5.0784 


9250.7 
2.5254 
2.9608 
3.0186 
b. 3337 
2.2706 


10804. 
2.4008 
2.9848 
3.8721 
t.2909 
S.O15¢ 


12307, 
=.4028 
3.0765 
3.8653 
1.2825 
S.P1ae 


i3772. 
2.3526 
3.1886 
4.0254 


(Table continues) 
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14 BAKER, GEATCHES, AND SWIFT 
Table 2 (Continued) 
TheP Ena TUtE REnSiTY camagat? 
(pteage «> 
2108, 1280. 4300, toe. 1960, 1608. 2768. 1960. atce, 2eec. 
SOG, Fiat 8783.8 9996.9 e278.¢6 32302. 13741, 166%]. wear. 24631. 29965, 36523. 
Ae z 3.97R8 3.4633 S,v01@ 4.0178 S.077 9.7028 @.93:83 7,404 &.8Z14 $. 9825 
pares Cesk 2.8a36 2. Bt02 Pre th 2 S.478% 3.2875 3.4168 3.3676 3.7642 3.9917 4.1974 
as test 4 0d 4.4454 ea Fd3e 4.5951 4.32338 4.731 4,8343 .16i8 9.4208 9.7326 
_ CPsSy te Saad 1-582 223049 2.3853 3.38582 1. 3e4s 4.3823 1.3787 2.3733 1. 36d8 
,* ACEPEY 4.4085 4, 6ae1 2.3088 3.an3t +, 4854 ¥.12as 7.8378 8.6468 $, 5557 10.376 
Die SOR. wCATRY 6 7298,8 8920.4 1fats, 43256. 16014, £9598. 234e7, 29469, 2465, eyes. 
oe 2 3.0186 3.4802 3.ttoe 4.2072 4.963% 3.3227 7.1998 8.2699 9.940% 
Poe Cwse 2.9006 Zot ee 3.0038 3.1496 B,248i2 3.3907 3.0455 3.8763 4.0573 
bo crsa 3.9335 4.0499 *.1493 4.2325 4.3703 4.5227 4.baF) 5.3785 o. 3374 
Oe cesty = 1.5586 4.9573 hs 3863 2.33549 £.3542 2.3478 1.5357 3.4273 1.3371 
.* MIMMS) 4.77485 S.a187 B.7078 4.7464 6, 84at 7.3986 S. 2408 9.5694 9.9894 31-026 
, JOO, «PLATH) E339, 4 $o207, REZIe, Beese. 38138. 238, 2etas. 34933. 39586, ahese. 
. z 2.9802 3.3127 S.7173 4.1830 4.7238 d. 3406 &.0748 &.9278 7, e2e7 $4558 
“ oven 2.994) 27-0667 3.8307 3.5187 3.2079 3.3123 3.4315 3.5086 3,727} 3.9104 
casa 3.0987 3.¥758 4.0588 4.1536 #2604 4.3868 4.9259 4.6604 a, 8366 S808 
GMscy 1.3425 1.3397 2.3345 1.332? 1.3281 2.3225 1.3152 £-3678 1.2978 11-2961 
. ACK*S? 5.0586 $.2597 8.0074 9599 FeLTSs 7.0455 0.5941 9.4257 i¢,552 1h, 388 
‘er 
‘ . #20, PCATH} 9352,7 ALL3va. 13815, 26762. 20247, 24288. 29214, 35360. 42555. 51075, 
H a 72-9046 3.2452 F.asee 4.0799 4.5629 9.182% 3.8741 @.g747 7, 0263 0.7256 
! Crea 2.0097 2.9678 3.9326 4.1867 3.3962 J.2e$68 3.3926 3.5357 3.6562 3.8373 
' cee 3,6809 3.4344 4, nae 4.6983 *.1822 4.26467 4.3901 4.5706 4,0689 a.e278 
. c#stw «64.3297 4.9238 4.3215 1.3106 4.3198 1.3043 1.2408 1.7873 2.2770 162647 
i aCKP§? 5.7090 5. aod e,2723 +. 8353 4384 8.1398 8.ac8e 3.7337 10,664 12.009 
#09, Pitted sesde, 13961. 23201, 29335. axo6e, 2aSic. y1e78. se2n2, agars. 95142. 
z 2.0530 3,2798 3.5914 3.9773 4.4870 5.9328 $.6855 &. 4456 7.3326 $.3732 
! over 2.9404 2.veae 3.9418 J.1ia4 3.1878 3.2746 3.3728 3. ages 3.6103 3.7537 
casa 3.8595 S.¥E?3 5,983 4.0545 4.1309 4.7202 4.323: 4.4325 4.9537 4.0878 
cRsty 1.5287 4.6242 3, 35094 31,3035 1.2932 4.2906 3.2627 1.2722 4,2013 3.2489 
AtKPS) 9,5233 >. ¥ER0 6,509 7 ORis T. 7008 @,4057 9.1629 19.005 10.938 14.978 
1096, Pcate) 1295, 14097, 26949, 16910. 23065, 2805S, Sadie. 41982, 49198, Daeae, 


i 2.8853 $.2198 $.4779 3.8879 4.3999 4.8980 8.9172 8.2302 7.077% 8.0575 
cea 2.9329 3.u044 3.8814 3.14260 3.1079 3.2784 3.3689 5.4706 3.9851 3.7442 
caeR 3.0450 3,917) 5.9729 4.a3¢a 4.4812 e193 4.276¢ 4.57284 4.4773 4.5924 
cosy «1, S09 2.3058 1.7988 2.2925 2.2056 2.278) 2.2698 1.2588 3.2489 3.2364 
ACKPS) 5, 7230 Pert rel @.7258 7, 3943 7. 03e8 6.0330 9.4026 10,2748 44.182 32.246 


12G0. «= PeATHS 4S24r, 329687. atiiy, 2202¢. arene, Sete. Jace. 46478, $9387, $6024, 
2 2. 72h1 3,255 3.3454 3.7298 4.3020 4.0373 35,2260 3.9624 A393 7.5492 
cere 3.0270 3.073? $,1293 3.1826 3.2402 3.3187 3.3031 ¥.4623 3.5796 3.6873 
cere 3, 9096 3.¥5z8 4.9007 4.6556 4.4318 4.4759 4.2448 4.3706 4.4922 4.4907 
cesty 1.2916 2.2666 1,280 1.27387 1.2667 1.7509 1.2503 2.2407 1.2209 1.2179 
AtWPS) 6.0889 6, 2638 7.1866 7.6987 8.3416 0.9479 9, 8212 10.674 42,006 12,837 


1ee@, | Ptatm) 14027. LieFa, 21578, 2s78s. 30727. 3e543. a3e0g, Side, osu. yas2Y, 

ra 2.0802 2.9269 3.2405 3.5958 3.9907 a.anee 4.9642 5.5864 2794 7.9797 

Gust 3.1254 3.2504 3.2054 3.2575 3.3108 3.3786 3,447? 3.9248 3, 6091 3.7985 

Casa 3.97 Pe 4.ura? 4.0S>8 4.1002 4.1492 q.2U24 4.2600 4.3724 4.3886 4.45% 

7 Ti) ee Ot 20d) 1.8722 2.2052 1.2587 1.2437 12440 1.2356 1,2763 21,2188 2.2048 


TT NTS Aa Ne a Rta we Rene nee se 


: AtM*S> 48.3837 o.08e4 7.4390 6.0361 $.6930 9.4635 10,187 12.035 33.6970 12.998 
1006, Pcatnr  obeo. 20u2%. 230%, 28537, 33953, nyse. 47572, Se258. 40507, reors. 

z 22872 2.6306 4.4473 3.4821 3.8640 4. 2BF30 4.7804 5.3391 5.9791 6.7449 

Cws3 5. 2us?e 3.24935 3.2895 3.3372 3.5808 2.8074 3.5285 3.5705 3.6550 3.7373 

cosa 4.0966 4,u8ed 4.1234 4,1862 4.2825 4.208 4.2972 4.3497 44,4098 4642 

Cassy 1.2593 2.2538 3.2406 3.2397 1.2323 1.2241 1.2152 1,2055 y. 1865 
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Relative Internal Energy and Enthalpy (calories/gm-mole} 
and Relative Entropy 
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CS-SO07R + $.775)  - 5.875 -3,9758  ~4.9787 -4.2756 + 4.2723 4. 3710 


24300. u-uR e278.¢ 683 a e393 i 0455.6 8527.5 6 73 668.6 0635.3 O24. 
Coles 12582. bevas, i3421, 23805. 14347. 14800. isaug. 15988. 1638, ai27e, 
CS-G02/8 3. 72GH - 5.8298 -S. 9293S -4. M262 - 4.5268 -4.2254 4.5235 24.4218 +4 52dH ed. Oe? 


1360. y-u0 6497.2 O517,4 4500.7 48,4 o720.3 TOA S 
meno 43195. 13e2s, ¥ 14579. 13008. s74-4, 
(g-S0)em 23.784>  -3.8837 63,0823 -4,0808 +4.1785 HOD 
2400, yuo $523.6 6586.8 000.0 8774.8 ORAS 7189.7 
weAQ 1295. 13409, 24303. rssib. teas, 
C8-SO27M +3.6401  -3.7598 -lieiat 36.3525 4.92586 
yaz0.  y-ue .8 e704.8 ee3i.7 4575.0 7324.9 
M80 i522. 1Se16. 14922. Loses, 1@0°?, 
{$-$B1/R -3.50G2 - 35.6959 3.0923 74.0869 +, 6708 
ede. u-ud e770,3 7162.8 Verte 
MH 13409. 15828. 19273. 18240. 
{8-SGI/A  =3.9597 -3.4918 -3.945@ -4,041% aaa 
1468, yuo oage.s e9o3.7 7153.3 P231.0 7388,° 
n-ne yams. cr ee eS a 10515. 
{$-$0178 -5.909 «5.4065 -S. 803% -3.9608 -3.8874 - <4, 100S ~ 8, 3Ra5 
1400. u-ud 7018.4 7342.7? 7220.7 7327.9 cee | 78-3.8 
wad 138e?. 14208. 14/00, 39179. yale, 1B7as, 18594. 
(S-S8DI 7M -3.4672 -3.2652 -3.0634 -3.7805 -2.1456 -4.$086 sa aye 
1900. uve TEES 7208.) 7298. FA37.7 ro70,e 7e5a.? Ld ee i.e) ea 
Liaadd y80Sg. 14498, 1491S 13398. 17097. 00 + 2 VOSIEL 1 eae 19758 
(S-$O017H  -3,4250 -3.9233 +3.0268  -3.7276 +@.009% -@.1019 ~4.187— -4.7059 -4 5805 
1520.0 u-wo Teee.e 7340.8 73S.9 7405.1 yrokiv 7789.9 taba. Teas. B0e7.> 
bald 14237. 14670. i$i36, ise37. 17279. 17892, TA?S4, 19279. @ueli 


Ch-$O3/R ~3.3033  -3.4814  25.770O  - 3.6755 “3.9024 -4.0570 <4 25380 -4.7494  - 8 seSK 


(Table continues) 
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MERAY wk Leet eRabe HN RGY BSD Oe THAL PY (COL OMTER OM - MOLE? €4 MEL ATIVE EATAEPY 


1ERPERS LEE USMS | TT Cawasaty 
‘REGRESS €r 

1848, i799, 7Bge. 1939. 100, 18s. 7eGR, 
2028. wrue 6065 4 Sies.7 SP} 2.0 a387 4 B71b.e $ees8 ATES 
wo 34242. teass, sree rees2 verry. 22268. 25454, 
if #9-BO27@  +$.7735 +B.4337 0 +@.2504 -6.3 Be) Sis oo oe ee eed od 
i 2C4S.0 veuw 331? .3 3284.9 s4ic.? 3927.4 Bess, % 278E.5 5935.2 
aed yaees, rerze, 179%. 1978. esse. 7En2d. ee tee 


€3-SOi/B +5. 7084 +O .G475  -6.1838  -8.78R4 +H. IVPH -4.STE 28.0158 


% $009. Y-Us 51499,6 3548.9 $780.1 535.5 eeesia 
‘ weed 178ed. t¥M26. -7G0SH, | 27743. 
ve C4-SE1F8 +$,@822  -8_C9OE «0.27185 -8.5538 -0 OSy@  -8 97379 
: +808. v-ue $260.6 $372.4 $408,5  FePS.2 2885.9 | ON, S 5958.72 6878.5 337.3 
Hondo 15823, D734. 1ott?, 7318. 18703, Bios. aar7e. 71288, 29484, 

tS-RONR 5.9054 -S.b9SD  =SLUEED 95 OLR? <8 8526 8.1074 +. 204d -8 THEM -8 5041 

$108. U-Ue S43E.2 9903, SOu2,8 S78e.5 pazs.8  3807,2 ABE, S| 773d.8 ONT eLy 

KN pa2¥2. 16026. 50/82. eis. 316502, 10453. oyAse. PO23. 

TH-SOP/R --S.S2GR = 5.6958 -9,/445 -5.8>de - >. fade -8. 8878 rB.3167 -6. 4363 

£128. ueud $942.1 ses oFst.e 3807.2 $901.7 O8E7.’ O525.8 

HAG 132586. 16208, 470485, 17962, 1eaaz, LePFy. Z78is. 7t160. 

tS-SOasm 8.4656 -5. 57S -9,68SE  -5, 7087 +o. FOdR -6.ELOS -Osad -o. 3008 

4340. Urye $a73.2 47e6.7 $84.2 $901.3 ene.) e227 .14 esae.¢ Ont? .@ 

wneg 19825. 14701 - L?se?, 38182. Ores. 2eere. Z152- 21esa, 

UE-SG1/@  -BL4072 -S.5246 95,023% 9S. 7352 beak -9.9570 <6. Die =6, 5045 

4360. Y-us $604.5 5403.9 oot? e237.8 O3at.s O700,5 ony F.4 

noma 1009S 1a6S$. 17e7e. 14500. 20485. arae?. 73856. 

CPeGCIsH oh. 5687 +5, 898 5. 2868 ~$.7O33 +3,8057  ~e.0080 74.2403 

1180. u-ud $955.¢ 66S4,3 148.35 eito.€ 6507.2 eote,e 0065.5 

Eid 19301. 4710. = 1 PPLG. 19099, 28800. 21704-72926. = 24562, 

9-502/8  -5.2082 +5. 9903 =. 3804 -F.anee 63.7784 6S. OSSK S$ 04TE 8.0637 sb ITS 

£299. U-Us $987.6 2107.7 e2z73.7 ase. aie? ot? & a7su 8 ones, 422.5 

H-mG yeeze. 17581, 1e3ae. itsse. 19990, 20905. Z2n73, 273237. caste. 

$$-$OI7R 5.2573 -5,.5429  -5. 4498 -5.5>.0  -5.665% -3S P72 -9.8S7? -6.0007 - 6.513) 

3224, ye art9ia €381.1 @ele.s $577.9 e052. OF35.0 7980.6 raok.e 


Hone 168091. 178s2, 18488, 2B344, 20285. 273584, 23557, Aabei. 
RHSOIR *S.1BZe -9.2678 -$, 5955 -$.5002 -2. 8083 *$.8205  -3,9407 -6, 050% 
té40. ved $332.5 a4sa.? 0945.2 6603.8 a793.2 7499.3 7233.9 7a04.¢ 
weMd i7i2e. riers, e747, 20630. 70978. 27096, 2367S. 23388, 


C9-S62/R  *$.37BS  ~S.2377 -5.5578  -3,4842 5.9516 °S.7/02  -%.8816 5, 884e 


1269, Ure $465.9 $080.6 8 bhou.8 = 8829.9 P2r/.? 7378.4 
WAS 17439. 19825. 19039. 20a71. Z5ous. Fai93. 
{9-S01¢@  -$.08782 “$.2654 -3.3890  -5. 0450 “S.7129 0 +o 8234 

$2ee. s-ue o540,¢ aare.s 937.9 Piadie 7522.8 
Cita 17882, 19502. «= 2019. 2$3ta. 24509. 
{$-SOlvm -5.8227 “S.2297  -5. 5547 5.8264 9.7662 

2360. Yrut e728 .2 e95i.6 7074.3 7592.9 Teee.e 
wots 17944, 19970. 20483. = 214>4. 23418. Pa1d4, 
4S-SEb4R  -4,.9769 “8.9767 -5.27811  ->. 3865 5.6897 +5 8206 

1320. u-us 4062.2 7OB7.8 = F272.8 7546.9 794>,8 7O92.3 
mero 18286. 1985e, 20766. e1yee. 2seee. zeneg 


{5-+SG148 -4. E107 23,2282 5.33538 -3.8988 -5.5499 -4.6542  -5. 7837 


1540. y-ve 7486.2 7033.9 7788, 7456.8 
h-4o 1647¢@. 26126. 22054. @see2. 24246. 
i$-$@)/@ +8. 8805 -3.272@ -3.2002 «3.39835 -S 4058 

£500. U-uo 7FizZe.3 2305,4 7O23.8 TIFZ-S TSS Sidi? 
Lbdal J zo4ee, Zidse. 22522. zie. 24552. P5763. 


C3-SO0/R  -4,.8195 “3.9222 -5.1247 -S.2282 3.3528 5.4585 +9.5053 


1388. U-Uo 7202.¢ 
H- WO 18683, 
44-SO27@ 8.7793 


7097.9 ati 7705.5 7e14E,9 8246.7 
20076. 21611, 22631. 23683. 24835. 24074, 
~@,97,@ -$,0739 -5,1 708 -5,2808 -3.3858 


21008. U-s6 7307.00 7514.4 Fas). 7780.8 
Pe) 18794, 7074. 20%$2. 258%. . 
8-80.78 <4. 7210 4.0227 -4,9223 -3.0298 -5.1262 


O271/7.% 
23338. 
Sd 940 


A42@. U-ud 7932.3 YO47,4 7770.8 F9OS.5 | 8C48.D 
Mono 19525. 2ase1. 2122s. 2e1ty esas. 
CS-SO07R 24.738 A. 7732 +6. B7§H -4.9783  -9.0782 


O3a3.4 O5S7.1 
2 7Haes. 
73,3876 


-3.2 


O5¢5.0 = 8682.5 
234g. 278G3. 
“S.g32¢ +9 33500 


4449. U-uo 7005.9 2783.0 
woe 10779, 
t$-S01s@ -4.eze6 


8042.5 #185.¢ 
. 22451, 73471. 
94.8255 -4.0295) -5.9¢08 


2460. V-i0 7908.68 tose axe1.3 BszH.8 £028. 
Med 7093s. 20074, 21779, 22729, 23737. 27384, 
AS S077M OSIM -4. IOS 4 fTF D-H. 8772-48. 878R 75.7099 
yees. y-us 2935.9 099.7 6183.0 gers? 
Mme 2u29s. 2use, 22042, 276015, 
eS-Sticm  -6.$333 -4.6313 +4. 7393 +>. 2508 
wt od. ure Ho71L.¢ @321.7 9119.6 
aso 20538, azdia. asea2. 20637. 0 279EL. 


48-SOreR  -4.4875 -4, 0054 -4.7824 -4.08271  -4.9827 -5.0845 +5 1887 


1320. u-ue ‘50 e74e.3 oen0.5 #98i.3 9263.4 Oses.6 
nome 23503. 29735. 26958. 282 aeer2. 
t$-$05e" a. GSTS -4.789R -8 OSS1 -4.83S2  -$.0581 +S_.159NO -5 2008 


(Table continues) 
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Me aATive [MTERMAL EweRgr 16h Fltaages (Ca OM ESSN MLE; MAL MEL ative ga Teery 


‘omen ry te SEmSi Pec aragat; 
rpkewer 45 
_ 16. at, is. 758. aSu. 388. 39, atu, #90, 
$248, y-ue 6O35.7 £358.46 #a7d 2 ae7o.a Br28.4 ei48,: e774.4 $AG7 5 O32 shet.6 
very) @93.7 5148.8 9293.8 F4eeLe Po to en tt oc eT TT) tt) Sc Ce Coe) 
tS+S200R Cr, ee 2 Oh ce Pe ee a a, SS eres. eee ot i Sr. ee ee ee To 
3466. wet bird. ofrs.e ae oe ores. oats. e 6s4n.g SkE7 5 SEF7.0 $826,1 bPEsig o98o.7 2 
ad ¥iet.e 9e02.6 9762.8 8820.7 4dTES. sets. 1A6SO. 1 BES? sods. = 
{$-80978 4.908% 0.504? -G-6237 -0.8763 -2.9847 <5, 6952-1. 5085 © L.7HOS +t OPIS 
4986, y-ue CO Oe Ce te LO oe | ee eS) Soe SC ce, Oe 1 2) oo 
mene S4ee @ vate.a  veub.s 9761.6 Re. «0802. | Tae t8. Tih, Shs cy eC. ee eee Le 
oot eee Secs SO Ses eS ees) Mk oe Leet. ee ee) Ee eee ee a 
4880. Yous $983.2 69H D 199@.@ 750.2 0 FOTS.G Pek. 1328.4 FES7L§ | TRB 3219.9 2 
td We2t.5 0 FEI. 9871 SeHs. «GREE. Lease. 19825. vag2a,  yrhet, | The, 
tSe$orse «.7835 2 ater C.O34d -F.08P7 -5.929 ~6.8545 62-19] HPL EZPH tPF +1 OBO? 21. BOS? 
ye2G.  yeyd 7480.0 7i@b, 3 7288,0 Reel PEELE FPS 1ga2.3 7340.5 ¥$a0,2 3839. 
Let B22 1898). 7626@. 30419. 40695. 1O7#2. Lbde >. 21427 
(S+Sorle @.2Is Paes Tf <9.0550 «7,4922 -G.8143  -5,0/20  -1 2788 wh.0hes +1, 40827 
eG. Wud FAX7.2 Peery F2SUB 7244.8 728H.t TS1k.®  753H.d | TROLS 7 OL 2499.9 
Cad 9834.5 S¥hl.e 21aues. s074t. reee?. 1e$ez, iviea, 1a9Se, tries. "SOdL. 
crt S07 See SP Cee) ee eet cl) Me Pee? MS Oe ts tee et ee Ly rereay 
3600, u-us 7334,8 7156.8 2336,7 T3a0.4 7404,0 ta3e.€ 7457.2 reas. $18.0 FORO) 
a-Mo 12982. telie, ands. iean?. 16370. 107@@, 15852. waz. is4d2, vista 
($-S6I78 4. 08OS 7.3806 868. /458 S.6398 2.4) Be -G.7ELS 6B. BIHD =r. 247e - 2, 4076 ~t.2$ay 
taba rus 7452.8 2438.9 14/3.0 7498.7 7$23.% $49.7 P97 7,d 7ed6.0 7a3e.4 f7u.@ 
AAS 023g. yoeer, s0Se@3. 20752. 19%, s10%8, 1y786. 49038, abr-t. 11990 
1G-SO 72 4.Jea? a. 4le4 3. /Brt 9.6952 -¥- SBE? 30.707 -B.BOSD>  94.2BES 2.37 Ee -4. Set 1 OTe 
1780 Beye mye rsis.2 TyVS.6 717.6 7042.8 Feed. O9704 2726.4 PID? 7749,¢ reri.e 
Chad 16e08. yess. 12780, LE7e4. uesa. 12076. 31205, sieee. yia7s, Vises. £2126 
15-SORee 4.7806 2-¢o1? 0.6185 S.GG8E 62.5582 66.6628 «9.0477 23,1458 33597) -2.5960 +t be]4 
1720, ueud rete: 3712.7 7937.6 1707.9 7709.3 FHL7.> 79eF.g 978.2 re19,8 2945.4 
aeRO 10dd6. rOrds, aofdy, 10686. = 51059. Aedes. 114092. 328033. treee, 12064, 12580 
CS-50078 6.7908 7.4808 2. UTS | FTRSH -U.SLED -C.bS4e 8. BFZ2 -1.1088 = 1, 5008 HLA Us  - 2.8295 
1340, yeud reads 7@ts.5 7e32,3 THOEL7 7938.5 7968.2 7990,7 O0d- 8 067.7 
eG 19725. 10733. 10681. 18497, 11608, 11882. t2are. lézan. yee 
tS$-Soi/h 4.8c9@ F.7d13 0, 0HHS 8.1 HOE elit ee Ocoee hl) Se, COMO) ee 
176%. y-ve 928.6 7932.8 7932.9 7076.8 aose.s #75t,e #O5F.7 121.6 Brss.b Bio.) 
Cao juees. peers. 12082. irae. piser, yES72. 32787. 11972, 1?ie7. Tedra, 12652 
t$-So)ee 4.4040 £69997 a. ¥zE8 B.19S2 - 9.2434 -0,9868 -8.8e23 91. G3GF -2 2280 +1. SeGe -1 Odes 
2780. urd e048 ,% ac>2.8 On72.3 e0e7.4 © 6125.2 OrSi.7 o180.9 $231.6 8745.6 O277,7 w3ts.e 
Poy Libee. 12975. 11483, 23373. 11851. 2p739, 42959. 12142. t23ee. 12988. 14026 
LE-SOPsR 4 OPEL 2. 769R TEA 817204 0. 28O -O.SSUS OL FOIE -1.0058 +b 1Oee Wd, See 1 D1 Re 
9603. v-ue 2168.8 ar7d.a 0192.7 4218.2 a745.8 a278.2 osec.3 @3533.6 BYee4 B4or.7 5456.8 
wend riche. ysess. 11465. 11$S@. iilie. 11965, rated. 12332. ba932. 12767. 13006 
9-518 2.9539 7.8057 B.8ORF =. 2HSE 9.574 -6. 6085 =H. 7>9S HD.GFOF <b. 1OGe es. St41 -1. gO 
2820. y-ud e268.6 e293.8 a323.6 8339.3 8546.6 4595.1 gt2>.0 & O922.8 $400.% 
wane 224t4. 313328, sigs, 1yee2. 22072, $e273. sree, 224s, 1sr@h 
t$-$0ie0 7.0972 1.8225 G. 2972 -O.3448 60.4825 Gg. FIO wL.A2@2> 92.2058 +1. 6995 
1846. y-ud 0414.9 g454,t $een.4 5408.5 0927.5 e$4/.9 eere.F eesr.7 $484.6 
wend 1279S. 110H@, « LheHd. «= 12007, Letee, | 1eee?. PHT, USAT, SSE 
c8-S0008 2, e895 1.0999 G.3986 -5.1078 -0.4786 -9. 8858 “21,0822 -1.2016 1.0206 
urue @>3i.8 (0556.3 8556.0 8563.0 Sele. 8 8634.9 a7s0.3 8908.1 
4-0 TOO). 1271S, A1HSL. | PBZ. | 2253. 22487, 23051. 1$5356. 
fS-S0.7K 3.6SiR  2.7dSQ MOS 0. 3O3R 2076S) 0.3855 2.0508 <4.278)  -1.50825 
u-us 2038.5 5678.6 a7es.3 B75S.4 $860.4 aa%s 2 easy.9 
Crd 42876, 1214. 12579. Are lin gsedes, 1S?ad. 
€$-Sedee 3-Ge46 2.7506 4.1228 -3.80,3 -4,8252 -2,0060@ -1.5088 
vrus 4n08.¢ 0528.9 850.4 oobe.? e958. 
eed i23ve. 32357 12566 13306, . 
6$-$or78 1.3546 0.4204 +0. 6uas “0.0022 -f.ters  -1.5258 
3920. u-vd 8023.6 «8981.0 Bere7 Ct er OL ee eo 
Leaks yen?2. 12202. 32541. 125235. 2713. 22912. 15122. 13342, 1NS72. 130*5, yansg 
€S-80778 2.8232 1.1867 2.6028 8 0.0048 +0.2007 29.9535 e877) -B 9582 -1.5784  -3. FERS 
y948.  y-ue O02>.5 Bits.@ 9133.8 o185.7 o19e.5 9234.5 wars VSt0,4 
wong 12385, 1306. 28295. 13$14. 18747, SO9L. 1488 
(S-S0078 2, 8932 0.2144 -O.Se1L 20. 73PR onl 82ee  -£.08D8  -1 2 4e? 
196¢. u-ue e227.4 «0258.5 V324,3 9350.8 8 9597.4 
none 148 is%si, i3ee87, 14422. 
(S-$9078 0.0882 -0.23523 0.7053 -8 8002 ~3.0052 
$988. u-us e391.7 9382.5 $465.6 e526.5 
wend Sale, | 13420, 19007, 14346. 
t$-$9)78 o.i7ge -0.2666 su. Me21  -p-a06e 
2000. yd gates 9507.8 
ane i28z@. r3se 15396. 14ad75, 
{S-S007m | 9.2308 w.EDTD +9. 1088 -0.9990 
we2e.  u-ve 8919.5 e5ec.3 8$72,2 | Fede 9633.1 @225.5 
Lilehd isies. b33s4. 15993. ise. Fea. 14966 
$S-SQ07N 3.2071 1,564 9.0203 u-3829 9.1378 “09472 -1.1208 
weg. uve ose? e907 8 e082 9720.7 o7oa.8 90° 8 otas 
meme 14192. issdi. 13981. 13441. 15931. 1488, tSide. 
i$-Sorem = 5.3180 1.3798 9.6913) 0.2138 -0.1003 -O.859F 8.0882 


(Table continues) 
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SELATEVE PRTEAMAL ENERGT AND ENTHALOY (CAL ERIER GM MHL A) 4m RELATIVE EAtHOPY 
TerFine tute OEMETT YI ARASAT? 
eOEORGE cs 
see, 550. sua. ast. 788. aes, ase. ane. #34, igeg. 
1340, u-ye ete: 6920.2 6444.1 2902.2 2643.% 7198.7 155.8 3729.3 7276.4 «TSA? 
bald beter. 14398. 21tde, 417135. 1s 982. ie3te: seta), $3275, 2368s. 24032, 
i CU°SCI/R ~2.20b2  -7.d488 = 2.5880 -2.4858 +8 4088 “2.0853 -7, 9348 5.5407 +3,2429 +3. 2452 
i 2d6b, ue FoiS.4 | 7947.8 FEES 7422.7 203.2 7s Oe cs) eS MD LenS CoP | 
j Labdat J Liide. LiSFH. 4102. 11034. tas7z?. 32768. t3323. 33472, pages. 14234. 
H ES-GOI7R -2.8bS4 +2,2319 92.5708 +2.4998 2.5887 “3-796@ 22.8988 -S.0087  -3.inps -3. 72926 
i ; 1586. Goud 7iS3.2 0 7ibM.b | -7284,9 7245.8 ROLE PSTS.0 7827,2 TOTES TH27LS 758A 
f E H-HE USE. 29ST, 8S. zee. ra bee. Ta. SEL PERE. Ps eee 
tH-SO2/8 2.0881 2.1838 92.2017 -2.4ize  +2.5707 “2.7712 <P.O573 -7.9809 -3.0629 -3. 2824 
$008. y-ve 7253.2 «7208.6 «0 7325,% = =—756S.3 8 08.F 7497.0 73AS. 8 TSOTLE | POSE 
Uae Pot) Pees Ce UME SS PUSS) SOME 1 29x72. 0 138 13807. 9 14245. 
$S-SOD/R 5.0082 =2.28S2 +2.8526 52,3705 +2. 0418 ~RAPABZ 7.0402 2.9216 -3,.0729 
162%. u-ue 573,60 7469.50 7447.50 7887.2 1Sa.3 7620,% Fere.a = 1728.4 477,37 
cd WUGS2, «1280F. «= ARTPA. «= 32485, «1Z7SO, «RAE, «SEHD. «= 157RK, | 14OES. Lee ee. 
i BESOI/R  H105Ne 2 OETE -2.eLUR 2.5588 2.46827 2.5688 2.8758 -2,2708 2.882 -2.9857 
ij 
i 1648, U-ve 7484.4 7950.8 7908.1 Peee.S 2082.1 TebP.e F784 7784S 74,5 78039 
\ (od vit Ti) St; eet T)] Se. Oty rT. ee.) Sh Oe y4se?, 
; CBSO 91 GISE 2.0698 2.2773 = 2120S - 2.4148 -2,5288 2.0553 +2. 7009 +2, 0400 
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1359¢ 33435, 1531. isSe1. idevé 
gets, 2268S. 2irse araie 2789. zpovs. 
4.1872 2.354) 3.83327 1. 388s 2,.@8t3 a.@¢e77 
ravse 35386. 29408. sete. 19749, 
eae?2, 27078. essee erysy. 278e7. 2ga77. 
#.21d> 2.278 t-o268 V.4eze 1.3046 o.eo,3 
19O%s. oe 3 is7es 13789. 15885. 1>B8e3- 
<2g4a, 2id4e. 23388. easel é2ue5. a23ag 
a.2356 0 2.0018 2. 86ed 1. @ene 2 beey o.erae 
L2a36. 1s8a2 1Stra. 32997), 460<y- 

21429. 2368). el FBG, eoeas, 27546 
4.2560 2.0244 2. Oes2 1. 488e 2.2314 a. eie7 
r9¥?%. ines. 1eate yeite i<37@. 

‘ 2segd. rae, vesal 22426 aires 
4.¢ ve z-86¢8 t.@7as 4. 481@ vibra a.teit 


BE ATEVE EAtagEy 


366. 


13548, 
sO 68 
e.5ene 


-yaRs, 
19378, 
S.7879 


yaaazt. 


79591. 
7. eae 


13*S2. 
1#?s3. 
5.282 


+3864. 
s9ez5, 
3.2348 


1eGFE. 
poses. 
@. 3202 


74257, 
28284, 
4.3489 


14202, 
79465. 
a. 376? 


14428. 
2864e. 
7 5437 


14364. 
“e824. 
&.4208 


sag. 
7rta2. 
9.4653 


+4038. 
7riee, 
2. 4Oet 


yaerz. 


71378. 
0.4404 


1si98, 
1963. 
O. 38? 


s424a. 
es7ar, 
&34e8 


1$383. 
23°32. 
o 5460 


19522. 
22016. 
0. S4O8 


386. 


PeSed. 
1eete 
2 968 


L3h38. 
\eoes 
2.6521 


13ga4, 
Seger, 
9 ete 


LyFeS, 
Sante. 
8.6879 


V3e4e. 
wezra. 
4.1tee 


14672. 
chee, 
Blt seh 


e785, 
R782. 
a, 1904 


ager. 
darey. 
4.,847 


peav?, 
Inghs, 
5.26"? 


bears. 
itso, 
6.2307 


14756. 
Pyazt- 
5.259% 


14688. 
eise7. 
©. eben 


15923. 
21082. 
0.3080 


S968, 
71878. 
o.332e 


1Sae7. 
22oge, 
53978 


13055. 
23256. 
G.3054 


18373. 
77438. 
© 40d 


$5716. 
27B27, 
@. 2282 


theae. 
« e 


o 3254 


+94, 438 
these, 7 kaes, 
r3?se. eta 

oB,s 
Jar"8 
x07? 

BLS 
ghee 
Faisn. 

-5.5 2 
584, 

Pasay. eden? 

“G,5833 -v. rae 
tives. | yeegT. 
2eoe?, 70a5>. 

-2057G =a. cthe 
ZAL7E. perss 


Bors, eieed. 
“O.04eR  -6. 1829 


14956, 1 4doe 
20909) 21255 
eri ee 
s4sez. tt4as, 
Zlaas, 21g. 
B.GBP oH. 52t 
24558, Laoag? 
Pliers, elner 
G.90sB ou Hee 
34665 14748, 
2h4 ‘ 
S-0e88 -o.0R28 
3 Abnz. eae 
TIRED. 219ee. 
0-965) -C.e5es 
2eose, paved. 
2sase. 0 fe1T3. 
-t184 +9.0523 
1s9TS. gorda. 
Zieed, | 20du?. 
@ test -9. 0875 
rB2-3. 7oe8. 
e2tr7, 2erag. 
B.teve O.ty ho 
soSS*. roag?. 
2diee, 24a. 
B.tar? y. pare 
PS4R2. oes. 
225e%. 0 eeO3i. 
Gera Dv. dese 
19077, r9aBe, 
227Fo. edr20 

ease o.08 
197s, 1oe22. 
z7tse. FSsta. 
4.4080 ead? 
peers, 19961. 
asier. 

0.2077 

yebay, 

2e% 

Peery 

tere, 

vive 

o, 3 e6@ 

vet 

a3? 
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Table 3 (Continued) 


BEL ATIVE i MTERNAL ENERGY 6HO EmTaAa PY CORLEMIESJGM MELE 200 MEL ATive Ex taser 


LE MPEw ATURE DENSET Pi amaGat> 
(DEORE 47 
208, boa. eds. 450. Feo. 23a. ov, aoe. 206. Wa, a0ac. 
goes. yun 25348. 149899, bsoea, L37as. 13790, 3 5a5e, 13850. sages. t456a, 141686. 14255 
44D 242,  207FE,  2tGbeL | 21882. | 2, OS. 22386. FebL0. | FS1QB. 23805. BESTE e4877_ 
($-S$O3/T -5.RS22  - 8.5822 +3. 7Oae -D.bese SOLE LOIS 2.44 LL 2ESH or d3ee dee -3.9259 
Zebo. u-ud adds, yS74i. idee. ijse2. 13927, 13906 Leaee. adres, rez?s. 34357, 14395. 
HAD 29OSY. -709HD, —-2SS7, «AT PHT, «PASH. «| 2PDOS. | THOSH. «© ZESSI. «26022, HST. 2dUTD. 


US-S9d/e G6. R2SH -0.585S8 +6 .0783 0, 7H4e GOA 1 ALES HELELSS cn L2L2B 1 50GH cae +1. ese 


Tg ee NE ee ee ee ee ee a ee a ee ee eee ree SE Sg tet ge Se es yd 


#20, vue 1582E, 33872, isvie, L3seee. 14669. V4h38. 14706. 14363, wetal, 
Rate gee2g. 228. 2yths. 22et2. 2gahe. 227¢e. 282tg_ 24238. gera?. 
AG-SOI7R 99.5987 90.5299 -7 0538 8. 7O7e COTES -5.9884 -4.0688 1.7825 -2.5766 <1 ener 
gets. urus 1395s. r4ay8, 14673, Latde. 14292. 18272. 24345. 14472. 34562. 1958), 14sTe. 
Ron 2ious. 24567. 2x74, 22:58. 22992. 22840. 2ades, 23923. 24427, 24P 38. ebore. 
(S*SG10R 0. ST 38 S034 -0. 825-8 yale -2,8528 6. O58G -).08GS  -5,159C 61 2588-3 Sauk 10ers 
2600, urus CD)? Crh. Pee os Pe O27 SS.) Pee iC ec? | PL Ss 14642, 14797, rae? 
HoH SELee. zyase, Zi93?. 227333, 2275@, 2sta?, 24646. 24128, 24635, 23166. 25729. 
(SSO) +O.3878 -0,4775 © G,999H 70, FUSS -C.OFSP  ~9,8322 2.0560 <2 .tS39G 1 27E2 <b desk -b. ade 
2e8S. ues 142268. 142Rs. hase, ad4@ar. 14878. 14349, 14623. safag, 14782 p4heg Leese. 
Wong gisae. 2,7 bh. 2gadi. 225e%. 22948. o338?. 23a4e. aasad, 24843, 25578. FHGAZ. 
GS-SG1/@  -B. S20 -O.4812  - 9.3737 -O.6893 -0.7897 -0.90F6 -1.0078 -4,18@) +2. 2028 -4. 2987 -1. 5686 
2708, wruD 214365. 14425, 44483, 4549. s40!7, 14687, 14702, 14600, 14922, 29959, Loko. 
Mong 21378. 2143. 0 22825, AeP2S.  Zatee, | 7SKBBL | ZHCIT. «= 2aSST, «= -2HODD, «= zERBH, 7838S. 
CS9SQ17% =O. 2065 0.8881 -O.5480  -H.bOSS 0. 77SS  -8.8797 -.98ET 1,080 1.576 LTS +1. 5828 
ar2g,  u-ue 14502, yaoar. 14022, $4ear. 4755. 14820. 240u3. 14980. 15G63. PPLSE, Eyre. 
mone ai7ea. 72155. aerid, e22¢22. PES45. 2y7ar. 24275. valet, 25058 2780. eo 0F, 
CSSOIM -O.27LT =O. 4b08 6 C. 9228-8. BS7E -. 708, 6.8538 -9.99SH ~1.958H -2 150d 8, Pee; 1.5337 
e740. yews itese, 34398, 14769. 24825. 2ales, 34968. 15042. 15128. 14203, 1524:. tbses. 
Wr4d 23950, 2252F 72713, zsi14. 23543, 23969. 24438. 7a05e 25467, 28911. oko Pi 
(S+8017% Gr. 245E 40.3952 20.4870 +O. a224 -0. 7275 -0.8782 20.991 1.028 wt. ttee ca. 2h. -2,50%8 
Z7AC. ueLd sa7re, 148356, 14R9g. 1896s, 19033, 13203. LvTsy. 35266, 1S34e4_ £962, y9b2S. 
HKD een4e. PP>49, 22958, 23315. 25742, 2egri. 24661. asi56. 25076 26272. eb7H8. 
($-S0179  -¢. e206 S.S900 -O,4727% -O,3B7G  -5.0073 -O.SEZ7 -O,9EMS -E 0038-2, 60M Lawes -1. e856 
grae.  Ueud yeole. 1avra, 15033, L403. sare ys248. urytes. 19433. 15483, Pose. "9807. 
Labetel'J a7sen. Pesta. 23102, 25912. 2586). 24992, 24865. 25382. P5asa, 2bars, grud. 
(S-SOd/R +H.1957% -0,5259 -3.4668 +8.501B -0.6728 -6.7773 -8.879G -0.9775 -7.0732 -2.1683  -1.e578 
2806, v-ud 120514, 15abe. 15275, 19742. IS3ib. 15584, 12462. s$%42, 18626, 137°, 57a08. 
wend 22430. 72905. 23297. 2i7u9. 24140. Pe5e5. 25064. 2S5an, races anes, «Peat. 
CHOBOI7S -O-279B 20.5000 -0.4238 -S.5568 $0. 8467 017522 ~G.BR37 0.9822 eb. Oar Ad aat od ony ed2t 
2820. uruG 15208, {>e7O, BESS, «= 153MT. «= ASD, «= 1552H, bd. «= 1868S, «Skee, BN, s99S1. 
Cal’) zeny, r3cee, 23492. 23906. 24343, 247 Od, 2a273, 29775, Badong 2aBre. 47838. 
($-SO)/R 0.2461 -O.7FSL +6. SBOT  -0.5918  -6.6717 -G.7 279 +0. O48> -9,8209 -4. 0224 t,t o> -1, 7688 
@Aag. Urud 19S27. 1958@, 19453. 14520. 1S38S. loose, 39742 15824, 18909. 19999, 16 64, 
Mond 22033. FS292. Z30R7. 24y03. 24339. 26¢9@7. 20afr 259B1, 2512, 27047, Z?eS3. 
CSE-SO1sE -O, 1285 -O.889G -O,S720  ~9,687)  -0.996R =0.7027 <0.8uSS -0.9028 +0. 9072 3.0963 -s reas 
F886, Vout 15466, 15792, 35860. 19739. teBo5_ 19559. 14s. Lele, rO2y? 
HoRD 23.08. e3ees. 24303. 247s, 25499, 26188. 26720. 27279, «2867, 


{H-$GI7R  --9.9972 D.g2H)  -G.3474 -8. 6624 -5.9722 0 -C.8 77S rOM7OB -S.97F2 -4,.06S1 +4. 3965 


Faeo. = y-u9 14604, 15066, rs73s, 13799, 1SO7k. 19945, 26198. LATS. 
ame 25245. 7sore, 2e078. 24096. 72895. eoeor, 25865. #6395. 7E975, 
CSSOI2  -G.G728 2 D.GL2 2D SPSD +O LASTH 20.5475 -0.6528 0.70399 -7 8820-0. 9472 

F9CG. UD 1s745, 19Bas, £3872, isei¢, seGib. 16066, 20165. 16248, +6335, 
MoM 25497, 24874, 24074, 24BHH. «= 29138. ZHeOS. = 2O0T. = Panat. = 92139. 
(S-SOI7R  ~G9.0460 =C.3779 -G.¢P8? -G.a13S +0.5750 -0.6281  -G.7Z2H2 on 827) 9.9225 

4925. U-vd 27682. 19845. p@020 FOUL. «= 1OAPF.  AASO7. «= OTOH, «Bare, 
Haag 25078. codes, 22470. 29559. 2289>. ze2%>. . 659, 2734 
{$-$0°R +9,U2Me  -9.3D5a 9,745 70,4987 -0.0037) -9.7068 8027-96978 

2940.0 uewd reeer. 1elde. 10202. 10388. loess. 1erse, 1a6z20, 
” 238? L. 24606. 75092, FSA. 28008. = 2eevd. «= are, «abba. 
(§-$Oi7R8  -9.9097 40.4305 +0, 5882 -9.474b  -0.9794 -9.6895 2-9. 77M5 29.8755 

e060. u-ud ieee. ise? 26300, 16310. 16590. 10674, Larod 
ar] 2e0es. 2at 2>7¢0. e219. BHICH. —-2TQTI, = PTT BB, 


(S-S0178 0.8235 29.4786 O31? 70.5595 -0.0783 +5, $49 -9. 8490 


4980. geud 1e3G0. read, 16301 1685. gore 

weHd 24256. zss38, | eoaas 2eais. — 2H9e8. 

(S30108  0.04—7 -0.2028 Gl 5178 79.5313 -9.8526 § 
Jung. y-uo tavrE, 18 ag 18793. Leela. 

Met Pert! e 282d. evel. 2bo7e, 27515 


=O.1792  -9. 7858 


(S-S307% O.0%93 -9.507S) -0.6.82 


(Table continues) 
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Table 3 (Continued) 


Relat 


bOINTROAL ENEMGE GRD EWTHSL ME (CAL BRIES/GH-MELE) ONL ae aTEVE ESTRGRY 


FERPER ATURE BERST Tr Cotas 
tOEGHES 47 
1993, Lise. 1130, Bree one pse3 Liss, tenn, aoe, to 
BRD neon yauar peask 2399 panes trate teeter. tees pyae: 
Peery PRIOR. RBA rays Fabre 22520 anaes. te tar tpee > 
to-Sorse -1. 4905 2.8775 -: OHSL +7 CABS -2.5370 -2 7yeB -2 'VER fel teem 7 ads 
7600. yeue pasas. 18798 reer? ivaes Lose “5205, 
eng ee9de.  e7AIO ease & 29ree 29505 ra738. 
t$-Sar7% rh. ee eh, ees Pi ee oer e ee oe. eee by 
2026. urud a8Bdi, 14eea, 33556. sonr?, tzdus. oad) 
ital 27.32. eFRSS. 2820 257. 59100 theese. 
(§-$0778 +E. FESS -3LN220  - 8 OF 7B -4.9975  -2 778 -£ 2605 
2086, yrud 24074, 3598S, "SU98. rose... a7 aoe. “$oe7. 
Memo 27st. ésasc eNIBD 205488 S595 e407, 
(8-074 SR fOB2 WNL 7HMR 6d. BOSE -1. GOS 22.002 7 1526 
7oeO. yor saase, tRGLS. Gee. iv345. ieee. Lobes. ss7at, 
mend aver, 2729. BPH. 2892S. 27 Se. «144g, 
tS-$Grse -2.28S8 -2.08:2 <2. 7H7e -: Bd2e -1.9874 2 Mere 7,3 G48 
2490 uve PDdISS, Lyer9, 39379. pare yest pete ‘5879. 
Went e (168, 2raL?. 76531. 7ezeL. Suse. 5 8eb. 3004, 
CSS 85k S2.PBT 2 2 BEEZ 1740S 25.850 2. HO) HR ORES CD OITE 
27CO. yeas ppewe 19407. sre paOsR. prises. poae? “oes, 
weg 2-524, 28u4e, 78758, ?earo. 50244. Sie. aeg2. 
CS So ase 3980S 92,0275 -3,7235 91.7986 = 4, 88SC  -1.9087 7 nae 
aida ueue 139458. s5245. 1977e. 190s. letss. wars? 
emg 28468 2/288. 28282, ral sedate. Si2¥e, F2362. 
(§-S5972 1.4295 -y 9450-1. BOOF -2.272B  -2,8800 -1.9908  - 2.0227 
2740, ured 13472, rd381, 14686. 591. 16046, ais. 10336. 
Mem 2,86, Bi, Qaehe. 2097. SOTCB. —S¥S02 6240), 
tS-SOPR  -2.50HS  -4,4BT > HL Dae ALAS) eR O2E2 2.9527 -2. 9958 
7780, yu yreze. bee, 8 MI2, raves. 16192, seses. 164085. tAera, 
mene Par ha 80a? 26700. ‘Ordo, s0985, 31707, «754ao, bse1, 
t$-$OI*M -Y-SPZ7 -4 4013-1. 948) 7° .718G +4 .6920 +1 BOSH -1.98B7 +) F917 
278G, ued rT ba, 15¥26, 16220. Less?, realy, $@612, e707, 
Lhe J 7'er?. 26929, 29658, soska. Sirz2. F902. $7878, jauoe, 


C$-S9VR 7.5073 2.22200 2. BGR $1622 -h7PHL HR. BOGS 61.9420 27 CPOE 


2eeo, ures ro907. 4olze. 197455. LO55A. 1a4gs. 16618. e786. yeGio. pleek “) 88. 
wme Piase, zatre, 29457, 29683. Joais. 3a4o4d. 32297. S337. Sadao, Sores, ‘6 64. 
6S-50278 2.8238 +4 ,4988 5.4960 -1,5825  ~1.6660 -b.249B -2.8S29 24. 99SH 1.9975 - 2.0799 1688 

zeta. yuo 16850. veiod. 16264. 1ON7e. 16903. Lee2e, 16764. seeor, 17CSB. bre 2, 2748S. 
Liat! 28dsy. 7abee, 20ste, 30682, soge2. F636. 3za73. S3IS0- se75e. Shore, Sosia. 
CH-SO7R 24.2089 -2 $857 -2. 4702 2.5 95R  -5.6400 HL 7ZSG HR. BOE 6d BBGD LL 7OG eT H+ 4 SEG 

gato. ueud roi 9S. 16208, 20498. 16924, 1Oge7. torre, 26931- 17655, tee. Ligae, ress. 
MMS 28/08. 2a%it. 29397. sasis. t1072. Sibse. s27u8. 33595. 3eS3i, 3o07 30004 
AB-SOV/@ 9 2.27GS LSB 63 OOS 1S 2RH ky E8976 -4.7808  ~t.Ba27 9065 62.283 -2.a TS 

2 yrud ress?. 10642, 16295, 18476. desea. 146922, 17008 - 37203. a7se8. ca he 
malo 28485. 24459. 29820. 3OS41. sasca, 32196, segae. A3as4, 3ias. sebi4 
4G950./% -3.2052  -1.5S27 22-4890 -2.5G4d +2. 98S - 2. OTE? 2, 724e +2. 8366 GIR? 6. 9BO8 

arud 14480. 16986 16098. «16815.  BGSH. 17088. VPNdE. ren>. stats, 
Mond 28762. 29556. s0g43, 30207. S129, 32333. JauTs, 36 <4. ShHgd 


1S$-SG/R -2,2207% +2,.9074 =2,9930  -2.4787 -3.5627 -2,.8400 


2900, y-ud ree2e. 167s. 16843, 28960. 17063. a72rd, 1A 4, 
HONG 20929, 29/8, 30@93. 33758. 32589. Soene. 
AG-SCI/R -3.5909 2825-3. 3864 72.4535 -2 SETS -1.0708 =1,9078 

2920. u-ud 10788. 16875 T7232. 27302. a7@o4, 
Hot 2vis7. ae soses, Syvee. Sere?. Sar @. 
t$-SO1/M@ -4.1700 -1,2975 sE.9220 21,9059 oS ee 

2940, youd 16912. 27G20. 17309. O64 
aon 2¥9SS. 3002 33030. 3Or~ 
(S900 -1. 3452-2. 2576 +1.9697 “1.89 

2900. y-u0 WOST, — FFLOD. 27e57. 1OsR4 
Lied) 29572. 20e3?. ° 33te2. teva" 
U$-$9r/@ 97.5200 +2.2077 21.4038 +1. 504o ree" 

2980. u-ud s¥20r. 0 27330, 1767) 178o4. 1a4-e, 
4-40 297999. yeaa?, $2078. 33495, Siva 
($-S007@ -3.09@s - 4,165) ~t.#309  -1.51%6 oo nea) 

seas yuo 17346. 17499, 179Fo, 1763 27952, 1asee, 1esAn. 
wd suave. $2383. SZ1Z4. Savas. $3728. Viasd. 
$-SOr/R  -4.0746 ~h.2443 2.3287 - 2.49220 - 12,4087 s1.8°95 


(Tabie continues) 
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Table 3 (Continued) 


RELATIVE [eeTEmmsL SUSE e ABD CMT MSL OY COAL GRSES7EN<MQLE) auD agi ative €ateery 


TEePe ws TURE DESI Tyiamacaty 
1BEGHER dy 
yeaa, 193¢. 3288, 27?se, yeot. 1849. 1560. 1456. 74aes. 
23st. v-us AD7EF, 19045, iside. Lesis. 29545. waie. 12204, 17538, 


Rom 343468, 35483, seses, 37828, 39243, 
$B+SSi0R 3.5581 2.6555 -2.laz 2.7883 - 2. ad2E 


a7yee. 43760. 435455. 
oE.5083 3.2558 5.2289 


2008. U-uUt i316. 19683, 16485. 6 Lriee. yreze. 
E ledd 34622, 35744, 50384. 24521. 42444. 44046, 
t$-903/@  -2.5212  -27,6849 -2. 7698 -2,8530 -$.G208 -$, 3036 
rete. yous 168O3. 16264. teste. rebse. 17575, 
KS B4B26. | 3¥ERS, 38435, 38732. S52n8. £3333, 
($-SOI72M  -2.499S) -2.5752 ~2.0379 -2,7487 -2,0230 -2. 9267 3.0735 
2440. u-ud 16216. ieste. 14544. 17Ge). ares. 17731. 
tal dD 35258. 30250, 374%2. 40903. 414ee. eaere. 46536. 
{3-SOI/R -2.4048) -2.3665 -2.0290 12.7968 --2,8775 «3,063? 3.4275 
z7e6¢. yeu 16343, yates, ede, 17256, 37285. 17887. 28362. 
wom S534. 30320, 9 357724, 40334. 9 41706. 46901. 4ab20. 


(S-GOlsm -2.4358 +7. 5183 +2. bBQe 62.7493 2.8481 +3.8148 -4.0975 


zens. u-ue 30522. 18683. 16687. 17308, | L7OSe, 18963. 
=O 35038. 30774, «47977, SPSS. eeeb. | azo aL, 4516. 
CS-BO1R 2.4079 02.4887 -2.971F 2.6542 2. 7TOS -2.81 00 +2.9847 
7708, vee 1eser, 29845, 17030 1?aea. Lr4az. 174@3, 181e?. 
MMS 39892. «37032, «OTS. «USAF. = take. 42317. 4gari. 
($-SGI/R 2.372 -+2,4659  -2.9436 -2.6256 -2.7078 -2.7 902 -2,939¢ 
j 2728. usue 1ohiz. e095, 272Va. «LTH. «1781S. 17847. 14a3de. 
i Mowe 3O148. «37296. «30787. «5 P8H. 447. 42582. «$756. 
i (B-SSis@ -2.5957 2.43535 -B.9ESE 2.5073 -2.6786 -2. 7015 -2. 9268 
i 2749. u-ue 1662, 17188, A73K2. 27588, 17788. 8B SZ, 19512. 
t aon 3eegg. 37948, Se/ee. 40052, 43418. 42807. anes. 
} CS2SO/N 92.5206 7.4898 -2.407S -2.5092 -7,0520  -2.7338 72,2075 
$ a7et.  u-ue PFiiz. 17287, 17444, 17702, 17922. 1886, sasee. 
i ma 45 36653. S78a6. 398%e. 40318. 41688. 43142, 4o32¢. 
i (BeSOism -2.2908 6 2.57H, 2 MSO? -2.5053 2.0228 +2. 2047 “7.8089 
t 
2786, v-ue 17267. 17446, 17645, rane, 38078. 483i, £OS6s. 16825. 
we 36607, 98863. «= SO2BR. 4058S. 42988. 43437, anes. ow: 
i SBrSOieR ~ 7.2003 -2.5587 2.8320 -2.5195 -2.9958 2.0766 -2.7984 -2, 
: Rete, yous 17612, «= 1350@, «= 177%, «= eaO7. «= AZSO. «= b4Od. |= 18TIG. | tapez. 
: uone 37141, 36521, 3995, 40851, 42235. $1682. 45284. 49542. 
CS-BGIm -2.2423 -2,9834 -2.404e -2,4858  -2.5892 - 2.8087 -2.7303 -2,8324 
2028. u-ut 17563. 1771. 17936. 10161. 18306, 16421. 19872. e139, 
Moms 37418. 3es79, 39814. SSai7. 42346. #3867, ass23. arte, O32. 
{S-BO) 7 - 2.2187 -2.2063 -2.5773 -2.6584 - 2.5386 -2.0208 -2.7023 62.7858 -2, 8097 
7848. u-us 17733, s3Oo2. «= 180872. «= BSL. «= 5OS3O. «BT Ye. «= 290. = 19287. OSes. 
wong s7ess. = 548. @OD73, (44583. 42770. 44742. ABUSE. «4 7K6D. «© 4 Oz20, 


(S-8O/R  -2.1084  -2,2 2.3962 +2.4322  -2.9222 22.5033 62.0749 -2.7586 - 2.83570 


18932, $9188. 19484, 
44314, eeps1. 47243. 
"2.5650 -2. 6408 -2,7287 


2068. u-ut 17864, 19684, 19235. 18407, 
mons 37022. «3908S. «40555. 0 42aee. 
CBSerem -2-1012? -2,2425  +2.3289 0 +2. 0001 


k 2880. 10815. 10200. «18408. 18624. 30007. 19341.  reana. 
' S$Or%E. «- 39S5H2. « 4ODHF. ELE. | ESSLT. «44799, «830g. ape27. 
k “B.A982 0 -2,2450 -2.2908 -2.5775 <2. 4b7@ -2.9386 -2.0185) -2, 7008 
f 2988, 16107. 1adée 20773. 10607, 19Z43. 29688. 18788 
58434. 42160. *3$8i. 45069. 4056. 43310. 
t +2.1869 =2.39903 -2.4308 ~2.3215 22.8022 +7.67351 
i 228. 1e3ia. PY yd Ps ee 
i nome Seene. §=5e887. 41129, 42eem. 63080. © 45339. 
t (B-SOLAR -2.0027  -2.8632 -2.2634 «2.5237 -2.4062 +2. 080s 
nese, u-ve 10062, 18807. 19083. «19322. 19556, 
uous -  §OL2S.  48de2. 42712. 45613. 
tS-Soiee 
{ 2000. y-ue 
F wens 
{S-SO0/8 
avee. u-us s zo1ze. = recon, 
wand aneds. 8040, 44985, 43243. 440ee. «S163. 9 47793. sans. 
(S-30)/e -2,4887 22.5658 


20283. 27359, 
48031. 45724, 
2.4983) 22.5383 


3008. u-we 


F 
i 
c 


f. 
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Table 4 ‘tb 
Selected Hydrogen Properties and the Portions Thereof E 
Contributed by Each Energy Factor - 


RENSITy « 2:98 iaRaGal> 
VELUME © 27428.00 (CC/MOL£) : 
TK) Pcate) U/RT a/R CS-S0s78 Cyvsn cPsA ES 
500, 1.83 2.452 3.453 1,599 2.520 3.549 Tatar 
L.$an 2.506 0,967 1.560 2,500 TRANSLATIAN 
6,060 O.n04 b,one O,nny 0.000 POTENTIAL 
0,982 8,952 R.602 Lifty 1.949 visezRey 
600, 2,26 2,464 3.465 1.949 2.5278 3,928 TOTAL 
1.500 2.500 1.480 1-500 2,500 TRANSLATION 


0,00¢ 0,004 0,640 0.060 0.000 POTENTIAL 
0,964 8.964 8,789 1.028 1.028 VIRR/R5T 


soo, 2.92 2.484 3.484 2,700 2.563 3.963 TATAL 
1.566 2.500 1.842 1-500 2.500 TRANSLATION 
o.onn o.nad 0,060 6.800 -0.000 POTENTIAL 
U,983 0.983 1.6a9 1.065 1,063 VIBR/RET 


1000, 3.68 2,594 3.507 3,279 2.633 3.633 TOTAL 
1.500 2.506 1.946 1.50 2.500 TRANSLATIAN 
0,000 8.001 a.080 O.f00 -0,000 POTENTIAL 
1,006 1,006 1.333 2,235 1,233 VISAsRAT 


1200, 4.39 2,535 3.536 3.74? 2.728 3.727 TeTaL 
1.508 2.500 2.220 £.500 2.500 TRANSLATION 
von 0,004 0,000 0.000 -0.000 PATENTIAL 
1,035 1.035 1,547 1.228 1,228 vISAsReY 


1500, 5.49 2.589 3.598 4,393 2.884 3.884 ETAL 
1.500 2.508 2,554 21.508 2.800 TRANSLATION 
o,00n 5.008 0.000 0.006 -0,000 PFRTENTIAL 
2,089 1.989 1.838 1.384 1.384 visrsRar 


2000. 7,32 2,693 3.694 5.256 3.190 4.220 T8TaL 
1,500 2.500 2.986 1-56u 2.900 TRANSLATION 
6,000 0.001 6.000 0.000 -0,000 POTENTIAL 
1,193 1.193 2.270 1.620 1,620 VIBR/RET 


2500. 9,15 2.798 3.798 5.973 3.382 4.302 TSTAL 
1.500 2.590 3.321 1.500 2.500 TRANSLATION 
0,098 O.9G4 0.000 O.000 +-0.000 S8TENTIaL 
1,298 1.298 2.652 1.802 1.862 viaRsRoeT 
3000, 16,98 2.894 1.895 6.588 3.443 4.441 TOTAL 
1,on0 2.500 3.594 1-508 2.500 TRANSLATION 
0.ano 8.002 Q.a06 9.900 -0,000 PATENTIAaL 
1.394 4.394 2.993 1.942 1.942 vVI@R/RBT 


(Table continues) 


DENSITY = 
VSLUME =z 


Ten) 


560. 


600. 


soo. 


ee eee ee ee ee eT 


; sooo, 


£290, 


2503, 


ee ee eS ee eee ee, See ee) ee rage shot te 


2000, 


good, 


| 
| 
| 


ere here ee 


40 
2242. 


Pinata 


18,46 


22,435 


29,52 


36,89 


44,26 


55,31 


73,77 


92.45 


110,52 


fa ne ae re cer a ee ener ee EE OR SEIT BT ep nantes Bann OB gt Sone 


BAKER, GEATCHES, AND SWIFT 


200 (amacat) 


Oo (CCs/HELE: 


user 


2,452 
4,506 
8, On 
&,952 


2.465 
1.508 
8,000 
5.964 


2,484 
1.500 
6,004 
0,983 


2,507 
4.569 
9,004 
1.006 


2.536 
£.500 
8.062 
1,835 


2.590 
4.500 
O.0n¢ 
1.080 


2.695 
4.500 
6,001 
2,193 


2,799 
1,300 
6.002 
1.298 


2.695 
1.506 
0,002 
1,394 


HART 


3.462 
2,568 
O.046 
6.952 


3.473 
2.388 
0.640 
8.964 


3,493 
2.500 
0,046 
0.983 


3,515 
2.506 
0.016 
21.006 


3.544 
2.505 
6,06¢ 
1,035 


3.598 
2,500 
4.009 
1.089 


3.702 
2.500 
0.909 
1.193 


3.806 
2.500 
o,999 
2.298 


3.902 
2.500 
6.008 
2,394 


{($-Sa3/R 


0.893 
“1.396 
“0,067 

0,662 


o0.344 
-4-423 
-0.067 

8.788 


0.391 
“0.692 
“0.087 

2.089 


0.970 
0.386 
-0,006 

1.333 


1.459 
“0.083 
70.086 

1.547 


2 2084 
0.252 
0,006 
1.838 


2.948 
0.683 
-0,005 
2,276 


3.663 
1.018 
-0.905 
2.632 


4.280 
1.282 
0.005 
2.993 


Table 4 (Continued) 


CaeH 


2.523 
4.900 
8,002 
2,089 


2.529 
2-568 
0,082 
4.028 


2,562 
1.508 
9.002 
1.065 


2.639 
1.500 
6,002 
1.438 


2.729 


0,061 
1,942 


Tatar 
TRANSLATION 
PRTENTI AL 
VISR/ROT 


TOTAL 
TRANSLATION 
POTENTIAL 
VIBR/ROT 


TOTAL 
TRANSLATION 
POTENTIAL 
VIER/ROT 


TOTAL 
TRANSLATION 
POTENTIAL 
VIBR/ROT 


TOTAL 
TRANSLATION 
POTENTIAL 
VIBR/ROT 


TOTAL 
TRANSLATION 
PATENT IAL 
VIBR/ROT 


TOTAL 
TRANSLATION 
POTENTIAL 
VIBR/ROT 


YeTaL 
TRANSLATION 
POTENT IAL 
VIBR/RBY 


TeTaL 
TRANSLATION 
POTENTIAL 
VIBR/ROT 


(Table continues) 


DENSITY = 
¥VELUME = 


TiR) 


500. 


660, 


aoo. 


1000. 


2ec0,. 


1500, 


2000. 


2506. 


sooo. 
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Table 4 (Continued) 


190,00 Camacats 
224.28 CCC/HBLE} 


Scate> 


200,49 


240,44 


319,28 


398,08 


476.62 


594,05 


789,00 


gas.24 


1176.98 


UsRT H/RT 05-S057R Cysk CerR 


2,459 3,554 “3,481 2,538 3,528 Teas. 

1,509 2.900 -3,4699 1,580 2.500 TRANSLATION 
9,807 G,102 “6,085 o,04% Q0,069 PRTENTI AL 
0,952 0,952 6,602 2,089 1,039 vViaRsReY 


2.473 3.547 -2-708 2.546 3.532 TSETAL 

2.208 2-560 -3,425 1.588 2,585 TRANSLATION 
9,099 e.40g -G, CAL O,048 O.004 POTENTIAL 
0,94 0.964 O,7a8¢ 1.028 21,028 visRsRaT 


2.495 3,585 1 FAL 2.581 $.962 TRTAL 


1.560 2.500 2.994 1.9568 2.500 TRANSLATION 
0,034 O,1n2 -G.0768 G,0¢8 «9,004 POTENTIAL 
0,983 0.983 1.089 1.063 1,063) VIBR/RST 


2.318 3.606 “1.3599 2.650 3.829 YaTaL 

1,600 2.590 2.689 1.569 2.500 TRANSLATIEGN 
6,017 o.106 “0.072 0.647 -0,004 PBTENTIAL 
1.006 41.006 1.333 1.435 1.133 VIBR/ROT 


2,548 3.633 “0.907 2.744 3,724 TeTaL 

1.500 2.550 2,385 1.568 2,596 TRANSLATIEN 
0,0f3 0.099 *0.06% 0,026 +-0,007 POTENTIAL 
2.035 4.935 1.547 1,226 1.228 viBR/RET 


2,603 3.685 “0.279 2.960 3,876 T@TAL 

1.505 2.968 “2.051 1.500 2.500 TRANSLATION 
G,614 9.896 9,066 0,026 -0,009 POTENTIAL 
1,089 2.089 1.838 1.344 1.384 VIGR/RET 


2.707 3.7h6 0,589 3.133 4,209 TATAL 

1.56n 2,500 “1-649 1.509 2,800 TRANSLATION 
0.616 6,092 “0.064 O.02> -0,0%0 PRTENTIAL 
1.165 2,193 2.270 1.620 1,620 vieRsRet 


2.842 3.887 1.303 3.346 4.290 TOTAL 

1.907 7-500 "1.285 4.500 2.500 TRANSLATION 
uote 9.089 -0,058 0,094 «0.011 POTENTIAL 
2,298 1.298 2,652 1,802 1.802 VISR/ROT 


2.908 3,980 1.926 3,454 4.429 TSTaL 

1,500 2.500 “4.082 1.5099 2.500 TRANSLATION 
0.916 0,186 -0.056 0.044 -0,012 PRTENTIAL 
1.304 1.394 2.983 1,961 2.942 VISR/RBT 


{Table continues) 
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Table 4 (Continued) 


DENSITY «= $60.00 (aMagaTs 
VOLUME 2s 44,86 (CC/MaLE? 


Te ae 
tb 
oo 


Tt) Peates UsRY WRT (8<$0978 Cvsk CH/R 


560, 147347 2,496 4.167 “3,183 2.640 5,634 TOTAL 
2,566 2.568 -5 388 1.500 2,500 TRANSLATION 
0,045 6.886 -0.477 =66.424 0.2435 POTENTIAL 
8.982 8,952 $.662 1.089 4.049 vViSReReT 


fis Abb 


696. 1734,64 2,524 4.049 “4.703 2,644 3,685 T@TAL 
1.500 2.568 -S,058 4.500 2.556 TRANSLATION 
0,057 0.656 -0,488 @,440 0,087 POTENTIAL 
0.984 «8600, 984 0.789 2.09278 1.928 vi8asReT 


bef tate beret 


aes, 2363,84 2,956 4.128 -3,.948 2.672 3.615 YOTAL 
1.506 2.508 -4,603 1.580 2-900 TRANSLAYION 
0,071 06,645 0.425 9.409 O.082 POTENTIAL 
0.98% 6,983 2,089 1,065 1,063 vViBRsReT 


i 2006, 2840.07 2,584 4.236 -3.537 2.736 3.664 TOTAL 

: 4.500 2.506 74.268 1.560 2,900 TRANSLATION 
: 0,078 9,630 0.402 0,403 0,034 P@TENTIAL 
1,006 2.006 1,333 1,235 1,233 viarsney 


2200, 3366,65 2,616 4,150 “2.83% 2.826 3,744 TeTAL 
4.508 2.506 -3.993 4.360 2,500 TRANSLATION 
6.082 0.615 “0.383 «8.099 =. Ot6 «=POTENTIAL 
1,035 4.635 1.547 i,228 1.226 VISR/RET 


1.900 2.590 3.466 1,900 2,990 TRANSLATION 
6,085 869,594 “0.362 «80.093 860,002 P@TENTIAL 
1.089 81.089 1.838 1.384 1.384 vIBR/RET 


{ 
i 
i 
4500, 4142,75 82,8673 4,183 “2.18400 «2.978 0 =—-3, 886 TATAL 
} 
f 


2005. 5499,27 2,779 4.258 “4,295 «03.207 4.207 TOTAL 
1.506 2.506 “3.229 «4.500 2.500 TRANSLATION 
0,086 0.564 “0.336 860.087 ~-0,042 POTENTIAL 
4,493 4,193 2,270 =64,620 1,620 vVIBR/RAT 


2500, 6651.34 2.883 4.338 0.559 3.384 4.281 TSTAL 

t 4.500 2.506 "2.894 §=64.509 2.500 TRANSLATION 
0,086 0,546 0.337 9.082 -0,021 POTENTIAL 
1.208 1,298 2.652 1.802 1,892 VIBA/ROT 


ate 


4 


3000, 7675,26 2.978 4.4143 0.070 3,949 4.444 TeTAL 

H 1.500 2.906 -2.620 1.5090 2.500 TRANSLATION 
In 44 0.085 0,920 -0.362 0.078 -0.027 POTENTIAL 

! 4,394 4,394 2.993 1.941 1,942 VIBRsReT 


{Table continues} 
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Table 4 (Continued) 


1000.00 ta#ataTs 


s 22.45 (CC/MOLES 


DENSITY « 
VBLUME 
Tem? Plates 
308, $022.73 
400, $9274 ,56 
$0. 7632,92 
io00, 9250,74 
1200, 10803,76 
i500. 4£30944,09 
2000. 16409.46 
2500, 20027,4¢ 
3000. Z3339,58 


UFR 


2,574 
1,500 
0,427 
6,952 


2,625 
1,500 
O,18t 
0,964 


2,682 
1.500 
6,198 
0,983 


2,724 
1.506 
0,215 
4,006 


2,758 
1,500 
0,224 
3.035 


2.837 
2.500 
9,228 
1,0n9 


2.924 
1.508 
6,228 
1,493 


3,022 
1,508 
0,228 
1.208 


3,443 
1.900 
9,249 
1,396 


WsQTt 


3.325 
2,590 
1.873 
0,952 


§,324 
2.500 
1.860 
6.984 


5.289 
2,300 
1,806 
0,983 


5.2506 
2.900 


{$-Sor7k 


6.526 
~6,604 
“4,427 

6.602 


~6,065 
-5.728 
-1.066 

0.789 


3.185 
-3 296 
-0,977 
1,089 


-4.543 
-4.962 
-0.944 

1,333 


-4,006 
~4,6868 
~0.866 

1.547 


~3.5376 
4,553 
“0.830 

1.838 


2.397 
-3.922 
70,745 

2-279 


“1.634 
-3,587 
70.698 

2.652 


-6.9863 
“3.344 
"0.8663 

2.993 


Cys" 


2.860 
1.508 
0.348 
4,049 


2,853 
2.900 
o,323 
2.028 


2.858 
1-560 
0.295 
1.065 


2.987 
4.500 
0.274 
1.135 


2.985 
1.500 
0,257 
1.228 


3.426 
1.560 
0.239 
1.304 


5.336 
1.5490 
0.247 
1.620 


3.503 
1.500 
8.201 
1.862 


3.630 
4.569 
0.490 
1.941 


CPR 


3.946 
2,300 
5.426 
4.049 


3.876 
2.509 
8,348 
1,028 


3.844 
2.500 
0,247 
1,063 


3,819 
2#.500 
0.186 
4.133 


3.871 
2.500 
0.144 
1,228 


3.985 
2.500 
6.404 
1.384 


4.476 
2.506 
6.058 
1.620 


4.333 
2.500 
0.832 
1,602 


4,455 
2,500 
0,044 
1.941 


TOTAL 
TRANSLATION 
PStTeNTIAL 
VIBR/ROT 


TOTAL 
TRANSLATION 
POTENTIAL 
VIBRSREY 


TeTaLy 
TRANSLATION 
PATENTIAaL 
VIBRSRBT 


TaeTat 
TRANSLATION 
POTENTIAL 
WIBR/ROT 


TOTAL 
TRANSLATION 
POTENTIAL 
VIGR/RBY 


TET AL 
TRANSLATION 
POTENTIAL 
VIBR/RET 


TOTaL 
TRANSLATIAN 
PATENTIAL 
VIBR/RET 


YOTaL 
TRANSLATION 
POTENTIAL 
VIGRARET 


TOTAL 
TRANSLATION 
POTENTIAL 
VIBR/ROT 


{Table continues) 
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Table 4 (Continued) 


DENSIty « 1560,00 taMaGaT) 
WSLUME ® 44,95 {CC/MGLE? 
Tis PiatH} WRT HART (C8-Sors/R CvsR CPsR 


500, 13741,.25 2.744 7.752 -7 Ga? 3.288 €.934 TStTau 
4,560 2.568 -6,407 1,560 2,800 TRANSLATION 
O.293 4,300 -2.045 0.768 1.034 BATENTI AL 
0,982 0.982 0.682 1.049 4,019 VIBR/ROT 


600, 16014,26 2.834 7.694 -7.252 3,243 4.37% T6TAL 
4,500 2,908 «6,433 2.580 2,500 TRANSLATION 
0,387 4,234 =2,.907 0,744 0,852 P@TENTI AL 
2,964 1,986 O.7a9 1,998 1,028 viaRsRet 


| 
t 
i 


a 
b 
‘ 
F e00, 20446,93 2.926 7.548 -6.398 3.190 4,182 TOTAL 
1.380 2,508 “5.782 1.5980 2,500 TRANSLATION 
0.442 4,031 2.785 0,627 00,819 POTENTIAL 
, 01983 0.983 4,089) «1,068 «1, 86S) «VIBR/RAT 
| 4000, 2908.42 2.979 7.334 9-5 616 3.498 40442 TATAL 
4.500 2.508 -5.367 1.500 2,500 TRANSLATieNn 
0.473 3.829 --4.582 0,565) 00, 478 POTENTIAL 
1.006 4,006 4.393 2.935 2,433 vIBR-RGT 


4200, 27499.02 3,029 7.484 “5.029 3.246 4.442 TBTAL 
2.566 2,500 “3.096 1.500 2.800 TRANSLATION 
o.4n6 3,846 “2,483 0.549 0,384 POTENTIAL 
£,035 1.035 £.547 4.228 1,228 ViIsR/RBT 


1506, 32330,86 3,078 7.002 4.204 3.332 @.475 TOTAL 
2,500 2,500 “4.789 2.560 2.500 TRANSLATION 
0,464 3.445 “1.373 9,468 0.29% POTENTIAL 
1,689 1,689 2.838 1.384 2.384 VIBR/ROT 


2000, 39932,48 3.167 6,803 -3.364 3.532 4.347 TOTAL 
4.506 2.508 -4.327 1.580 2.306 TRANSLATION 
0.474 3,222 “2.247 0.442 0,197 PBYENTIAL 
2.293 1.293 2.279 1,629 1.620 vVIeR/RAT 


2500. 47032.0% 3,255 6.683 “2.500 3.677 4,444 TOTAL 
$.500 2.500 -3.993 1.560 2.900 TRAWSLATIBN 
0.457 2,885 1.159 0,379 0.442 POTENTIAL 
$.298 2,298 2,652 1,882 1.802 VIBR/ROY 


Pe A EO Re na ee a ee ae eae Ee ee ee 


3000, %33784,35 3.335 6,602 “1.899 3,789 4.546 TSETAL 
4,509 2.568 -3.745 1.560 2.500 TRANSLATION 
O,444 2,708 “1,093 0,348 0,405 PBTENTIAL 
4,394 1,394 2.993 1,942 1.941 VISR/ROT 


» 
P 
} (Table continues) 
F 
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Table 4 (Continued) 


DENSITY = 2090.00 ‘a™sinT) 
VBLUME =z 141,22 €CCs/RBLES 


Tin?) PCat} usrat H/RT 6S -Soys8 Cys CRA 


500, 36922,.68 3.408 43,598 -9,80? 4.497 S.733  totay 
1.500 2,500 ~5,.594 2.508 2.500 TRANSLATION 
0,656 9.836 5,445 1.678 2,243 POTENTIAL 
0,95? 1, 952 0,682 £649 1,049 VIBR/sROT 


600. 41888,275 3,275 12,846 78,756 4.037 S.327 ToTar 
1,506 2.500 76.424 1.590 2.5900 TRANSLATION 


8,822 9,352 -3.424 1.540 4.796 POTENTIAL 
0,%:a 9. 9K4 O.7a9 2.938 1,028 viBRsRs? 
800, Sinv4,a6 3.436 42.968 -7.628 3.847 4.828 TOTAL 


1.596 2.506 -5.989 1.590 2.9509 TRANSLATIGN 
8,952 8,877 “2.727 1,254 1.265 POTENTIAL 
8,983 0.983 1.089 1.065 1,663 viarsRot 


4000. $8959,29 3,900 41.558 6.789 3.744 4,992 TOTa, 
4.560 2.506 5.658 1.500 2,500 TRANSLATION 
0,994 8.052 ~2.467 1,081 O.959 POTENTIAL 
1,604 1,906 1,333 1.438 1.41353 VIBR/ROT 


1200. 66924,48 3,533 44.052 “6.145 3,687 4.49. TOTAL 
4.500 2.500 <5. 361 1.589 2.500 TRANSLATION 
6.9968 7,517 2.281 0.960 0.963 POTENTIAL 
1.035 1,935 4,547 1.226 1.228 VIGR/RET 


1500, 79616,20 3,566 10.455 -5,200 3.748 4.4599 TOTAL 
21.500 2.500 -5.046 1.560 2.500 TRANSLATION 
0.977 6.866 -2,.082 0,834 0.575 POTENTIAL 
1,089 1£.689 4.898 1,384 1.584 vieRsReT 


2600, 89910.02 3,6%7 9.7486 ~4.206 3,824 4.546 TOTAL 
1.500 2.500 4.645 1.590 2.500 TRANSLATION 
0.924 6,067 “2,862 0.704 0,396 POTENTIAL 
1.493 4.493 2.270 41.620 1,626 VIBR/ROT 


2500. 402878,64 3.669 89.293 -3.342 3,926 4.596 TOTAL 
1,506 2.500 -4.286 1.508 2,590 TRANSLATION 
0.872 5.495 -4,723 0,624 0.294 POTENTIAL 
4.298 84.298 2.652 1.862 1,802 VISR/RCT 


3O00, £14976,53 3.719 8.956 -2,.649 4.009 4,669 TOTAL 
t,500 2.500 4,007 1.500 2,500 TRANSLATION 
0,825 5,063 72,665 .568 G.228 POTENTIAL 
4,304 4.394 2.993 1.941 2,942 VIBR/ROT 
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Appendix A 


MOLECULAR POTENTIAL CORRECTION TO 
THERMODYNAMIC PROPERTIES 


r 7 The purpose of this appendix is to develop the contributions of a dense gas to the 
thermodynamic properties that are due to the potential energy between the molecules. 
The starting point is the following equation which links classical and statistical thermo- 


| dynamics: 
ps ar(S ing) (Al) 


or 


mle @) (A2) 


where @ is the total partition function. 
Rowlinson* has suggested the following equation of state for dense gases: 


2 
Oe) ow tees . (A3) 
kT (2 - &)? 
where 
| g=fetsfie brie] 
i v 12 ] : 
; in which 
. 
2 EF 
} and 


oe me - 1)! cay3y 
Fir) = >, - 7 5 


q 

t 

with », being Euler's constant. 
k 


: The volume dependent terms in the partition function are due to the translationa! and 

: potential energy of the molecule. The contribution of the potentiai energy alone can be 

found by subtracting from the compressibility the contribution of the translational energy, 
which is a constant and equal to one. Then, by substituting Eq. (A3} into Eq. (A2) and in- 
tegrating, the partition function associated with the potential energy {denoted by the sub- 
script p) may be obtained as follows: 


*3.S. Rowlinson, 'An Equation of State of Gases at High Temperatures and Densities,” 
Mol, Phys, 7(No. 14): 349-361 (1963-1964). 
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g- 246 67 hie ) {4 
on a- 3 v Lae fh Se ro” «Ade 
Since 
dé at de 
ge ee 
thus, 
faie\ dt 
el ea —— 
pacer 9 z 


Then integrating Eq. (A4): 


the results are 


3 3 
=] Oy ee ea 
rae ie «rere ea 
or 
rye h tiles faa 2 
Q, 7 (irgle % 
P 


mg). 


(A4) 


(A5) 


(A) 


(A7) 


The total partition function can now be obtained by multiplying 2, by those factors asso- 


ciated with the other types of energy to be considered. 


The contribution to the thermodynamic properties of a dense gas due to the potential 
energy between the molecules can now be obtained using the following Statistical thermo- 


dynamic equations: 


u feln@g 
—&={(—; r\ = #Z-1), 
kT \3ta rs, 
where 
fe OT erettel | 
oe ( m5) | 
l+ . 
12 / 
and 
Gord = age, 
dz 


A u {Py 

Ey fe ztfei - yt 

mh ae (ar 7) (re anzene, 
s u 3 
P ca oP aoe rot See 
wr’ 8 ee = 2-1) eae 7 


3 : 
espn Cb Sh), 


{A8) 


({A9) 


(A10) 
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where 


and 


and 
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Appendix B 


GRAPHS OF SELECTED THERMODYNAMIC 
PROPERTIES OF HYDROGEN 


CL auSiUs, 
so VAN dar WAALS, 
AND BERTHELOT 


Fig. Bl - Comparison of Rowlinson equation of 
state with other well-known equations of state 
~ ROWLINSON with initial gas state of 16 atm and 290°K 
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Fig. Be - Specific heat at constant pressure 
vs temperature for constant density 
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Fig. B3 - Sound speed vs temperature 
for constant pressure 
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Fig. B& - Pressure vs density 
for constant entropy 
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Fig. B5 - Temperature va pressure for constant entropy 
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